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BIOEQUIVALENCY COMMENTS TO RE PROVIDED T0 THE APPLICANT
ANDA : 1;?845 APPLICANT: Biovail Corporation Internaticnal

DRUG PRODUCT: Dilriazem Hydrochloride Extended Releage Capsules
60 mg, 50 mg, and 120 mg

The Division of Bioequivalance has completed its review and has
no further guestions at this time.

The following dissolution testing will need to be incorporated
into your atability and quality control programs:

Tha dissolution teating should be conducted in 900 mL of
phosphate buffer, pH 6.5, at 37° C using USP 23 apparatus 1
{(basket) at 100 rpm. The teat products should meet the
£ollowing interim specifications:

Not more cthan 10% at 1 hour, 10-30% at & hours,
34-60% at 9 bours, and not less than B80% at 24
hours, of the laheled amcunt of diltiazem are
digsolved. '

Please note that the niocequivalency commaents provided in this
communication are preliminary. These comments are subject to
revision after review of the entire application, upon
consideration of the chemistry, wanufacturing and controls,
microbiology, label;ng, or other secientific or regulatory iesues.
Please be advised that these reviews zay rasult in ths nesad for
additional biocequivalency information and/or studies, or may
repult in a conclusion that the proposed formulation is not
approvable.

Sincerely yours,

. T
Dale P. Conner, Pharm. D.
Director
- Division of Bioequivalence

Office of Ganeric Drugs
Center for Drug Evaluation and Research



Diltiazem Hydrochloride Biovail Corp. International

Extended Release Capsules Toronto, Ontarioc, Canada
60, 50, 120 mg

ANDA # 74-845 Submission Date:
Reviewer:. Lin-Whei Chuang March 26, 19958

Review of the Third Amendment to Five Bicequivalence

Studies., Dissolution Data. and Waiver Request

The original submission consisted of results for 5 biocequivalence
studies, dissolution data {using apparatus III, 20 dpm, gradient
pH) and waiver request (submitted on 1/31/96). The submission
was found to be incomplete due to 2 deficiencies (review of
3/4/97) .

The first amendment (submitted on 4/7/97) adequately addressed
the deficiency concerning study data. Therefore 4 of the 5
studies (except for the 4-way pharmacokinetic study which was not
required for approval) were found to be acceptable. The firm
also proposed a new disscolution method (paddle, 100 rpm,
phosphate buffer at a constant pH of 6.75) which was found to be
incomplete (review of 10/23/97).

In the second amendment (submitted on 12/30/97 and 2/12/98), the
firm proposed another dissolution method (basket, 100 rpm,
phosphate buffer at pH 6.5). Two deficiencies were found
(review of 3/3/98) and the firm’s responses are discussed in this
review: '

1. The specification proposed by the firm for the 6-hour time



For 60 mg Capsules:

For 90 mg and 120 mg Capsules:

2. Please submit dissolution data for the 60 mg and 90 mg
strengths of the test products using the proposed isocratic
pH method (pH 6.5 phosphate buffer}. The dissclution test
should be conducted on 12 capsules of the test product
versus 12 capsulesgs of the reference product. The percent of
label claim dissolved at each specified testing interval
should be reported for each individual capsule. The mean
percent dissolved, the range (highest, lowest) of
disscolution, and the coefficient of wvariation (relative
standard deviation) should be reported.

Firm’'s Response: The firm conducted the dissolution testing

on all 3 strengths and the data are presented in the table
below and in Figures 1-3:

L In Vitro lissolution Testing
et r———

Drug {Generic Name): Diltiazem HCL

Dosage Form: . Extend:d Release Capsule

Dose Strength: 60, 30 and 120 mg

ANDA No. : . 74-845

Firm: Biovail Corporation International
Submission Date: 04/07/97

I. Conditions for Dissolution Testing:

USP XXIII Apparatus: I [(Basket) RPM: 100
No. Units Tested: 1z
Medium: Phosvhate buffer -pH 6.5 Volume: 900 mL

Tolerance (proposed):

Reference Drug: Cardizem® SR capsule (Marion Merrell Dow)
Assay Methodology:

II. Results of In Vitro Dissolution Testing:
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Reference Product

Sampling Test Product
Times Lot # 95D007 Lot # P20223
{Hours) Strength (mg): 120 Strength (mg): 120
Mean % Range (%) RSD Mean % Range (%) RSD
-Jissolved (%) dissolve (%)
d
1 0.21 523 5.87 10.05
6 21.61 9.41 54.95 L 4.36
9 45.93 s | 6.77 78.48 |- 2.88 ||
2¢ 77.48 H 2.16 109.58 1 3 1.65
22 110.85 1 52 1.57
24 82.74 5 2.64
Sampling Test Product Reference Product
Times Lot # 95D006 Lot # P1-279
(Hours) Strength (mg): 90 Strength (mg): 90
Mean % Range (%) RSD Mean % Range (%) RSD
dissolved (x) dissolve (%)
d
1 1.28 17.11 5.46 < 9,24
6 22.47 31.60 59.89 ! 3.40
9 49.62 ‘ 3.07 82.21 3.51
20 B5.72 H 3.36 113.98 12 2.26
24 91.34 £ 3.37 117.2% .2 2.29
Sampling Test Product Reference Product
Times Lot # 95D00S Lot # ED1426
(Hours} Strength (mg): 60 Strength (mg): 60
Mean % Range (%) RSD Mean % Range (%)} RSD
dissolved (%) dissolve (%)
N d
1 1.52 21.79 4.43 3 12.53
6 27.30 L 5.43 52.15 £ 4.09
S 85.72 3 4.63 75.99 : 2.80
20 86.79 3 4.80 114.67 3.60
24 94 .89 3 5.35 118.78 | ' 2.69




Reviewer’s Comments:

The Division of Bioegquivalence would recommend the following

1.

dissolution specifications for all 3 strengths of the test

products (60 mg, 90 mg, and 120 mg strengths):

Rationale of electing above specifications for all 3

strengths are:

a. The dissolution profiles of all 3 strengths are
considered similar since the £2 values were >50 (53.3
for 60 mg vs. 120 mg, and 62.3 for 90 mg vs. 120 mg).

b. Selecting different dissolution specifications for
different strengths of the same product would indicate
that they have different dissolution profiles.

c. The results presented by the firm in the dissolution
table fall within the recommended specifications for
all 3 strengths of the test product.

d. The additional sampling time point of 6 hours is added
for better gquality control of the test product.

e. The last time point should be the time point where at -
least 80% or drug has dissolved as recommended in the
recently published Guidance for Industry on “Extended
Release Oral Dosage Forms: Development, Evaluation, and
Application of In Vitro/In Vivo Correlations”, Chapter
VII, Section Bl.

Recommendation;
1. The single-dose, fasted biocequivalence study, and multiple-

dose fasted biocequivalence study, conducted by Biovail
Corporaticn International on its Diltiazem Hydrochloride

Extended Release 120 mg capsule, lot #C3/95A1A21-MTC3,
comparing it to Cardizem® SR 120 mg capsule, lot #P20223,
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have been previously (03/04/97) found acceptable by the
Division of Bicegquivalence.

2. The single-dose, fed and fasted bicequivalence study,
conducted by Biovail Corporation International on its
Diltiazem Hydrochloride Extended Release 120 mg capsule,
lot #C3/95A1A21-MTC3, comparing it to Cardizem® SR 120 mg
capsule, lot #P20223, has also been previously (10/28/97)
found acceptable by the Division of Bioequivalence.

3. The dissolution testings conducted by Biovail Corporation
International on its Diltiazem Hydrochloride Extended
Release 60 mg, 90 mg, and 120 mg capsules, lot #955D005,
#95D006, and #95D007, comparing it to Cardizem® SR 60 mg, 90
mg, and 120 mg capsule, lot #ED1426, #P10279, and #P20223,
have now been found acceptable. The dissolution testing
should be incorporated into the firm's manufacturing
controls and stability program and conducted in 900 mL of
phosphate buffer, pH 6.5, at 37° C using USP 23 apparatus 1
{basket) at 100 rpm. The test products should meet the
following interim specifications:

4. The waiver of biocequivalence requirement for the 60 mg and
30 mg strengths of the test product are granted.

T

Lin-Whei Chuang
Division of Bioequivalence

) Cr
Review Branch I A Ny
RD INITIALED YHUANG . , é/;/s*?’
FT INITIALED YHUANG = A
/-l
Concur_4.« . 2 Date: c/?%ég’
Dale Coft Pharm.D. !

87
Director,lﬂgvision of Bioequivalence



BIOEQUIVALENCY COMMENTS TO BE PROVIDED TO THE APPLICANT
ANDA: 74-845 APPLICANT: Biovail Corporation International

DRUG PRODUCT: Diltiazem Hydrochloride Extended Release Capsules
60 mg, 90 mg, and 120 mg

‘The Division of Bioequivalence has completed its review and has
no further questions at this time.

The following dissolution testing will need to be incorporated
into your stability and quality control programs:

The dissolution testing should be conducted in 900 mL of
phosphate buffer, pH 6.5, at 37° C using USP 23 apparatus 1
(basket) at 100 rpm. The test products should meet the
fellowing interim specifications:

Please note that the bi:sgquivalency comments provided in this
communication are preliwninary. These comments are subject to
revision after review cf the entire application, upon
consideration of the clemistry, manufacturing and controls,
microbiology, labeling, or other scientific or regulatory issues.
Please be advised that these reviews may result in the need for
additional bicequivalency information and/or studies, or may
result in a conclusion that the proposed formulation is not
approvable.,

Sincerzly yours,

e
£

Dale P. Conner, Pharm. D.

Director

Division of Bioequivalence

Office of Generic Drugs

Center for Drug Evaluation and Research

-~
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26 March, 1998 Bioequivalency Amendment
Office of Generic Drugs BIAATATY A
Center for Drug Evaluation and Research T ARILITY
Food and Drug Administration ORIG AMENDMENT
Document Control Room ' .
Metro Park North II ' N i AL

7500 Standish Place, Room 150
Rockville, MD 20855-2773
USA

Attention: Dr. Dale P. Conner
Director, Division of Bioequivalence

Dear Dr. Conner,

Re: ANDA # 74-845
Diltiazem Hydrochloride Extended-Release Capsules USP, 60, 90, 120 mg
Response to FDA fax dated March 3, 1998

In accordance with 21 CFR 314.96, we enclose our response to the comments listed on
vour fax of March 3, 1998. All deficiencies have been addressed. We trust that this
response is complete and satlsfactory for filing and review by the Office of Generic
Drugs.

We enclose a signed and dated FDA form 356h in this amendment, which is being
submitted in triplicate (original and 2 copies).

Should you have any questions or comments, please contact the undersigned directly at
(416) 285-6000 ext. 212, or by fax at (905) 608-1616.

Sincerely yours, L ﬂcCE’VED
BIOVAIL CORPORATION INTERNATIONAL .
MAR 3 0 1995

W CERERI

George E. Markus, M.Sc.

Manager, Regulatory Affairs
1 :Projcct.s.Ril-B 12.US.Submssion. ANDA. Amendments.Resp-Mar98.cover
LY

BIOVAIL CORPORATION INTERNATIONAL
2488 DUNWIN DRIVE, MISSISSAUGA, ONTARIO, CANADA L5L 1J9 « TEL (416) 285-6000 FAX (416) 285-6499
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BIOEQUIVALENCY DEFICIENCIES
ANDA: 74-845 | APPLICANT: Biovail Corp. International

DRUG PRODUCT: Diltiazem HCl ER Capsules, 60, 90, 120 mg

The Division of Bioequivalence has completed its review of your
submission acknowledged on the cover sheet. The following
.deficiencies have been identified:

1. The specification proposed by you for the é-hour time point

2. Please submit dissolution data for the 60 mg and 90 mg
strengths of the test products using the proposed isocratic pH
method (pH 6.5 phosphate buffer). The dissolution test
should be conducted on 12 capsules of the test product versus
12 capsules of the reference product. The percent of label
claim dissolved at each specified testing interval should be
reported for each individual capsule. The mean percent
dissclved, the range (highest, lowest) of dissolution, and the
coefficient of variation (relative standard deviation) should
be reported.

Sincerely yours,

S

Dale P. Conner, Pharm.D.

Director, Division of Bioequivalence
Cffice of Generic Drugs

Center for Drug Evaluation and Research

-



Diltiazem Hydrochloride Biovail Corp. International

Extended Release Capsules Toronto, Ontario, Canada
60, 90, 120 mg

ANDA # 74-845 Submigsion Date:
Reviewer:-:L. Chuang December 30, 1997

February 12, 1998

The firm conducted 5 bioequivalence studies, including 2 single-
dose fasted studies, 1 single-dose fed and fasted study, 1
multiple-dose fasted study, and a pilot 4-way pharmacokinetic study
(submitted on 1/31/96). They were found to be incomplete due to 2
deficiencies (review of 3/4/97).

An amendment (submitted on 4/7/97) adequately addressed the
deficiency concerning study data. Therefore 4 of the 5 studies
(except for the 4-way pharmacockinetic study which was not required
for approval) were found to be acceptable (review of 10/23/97).
However, the other deficiency concerning the dissolution data was
still incomplete due to the following 5 comments:

1. Because it’s the firm’s intention that the gradient pH method
will be phased out and replaced by the single pH method, the
Division of Bioequivalence would not make further comments on
the gradient pH methoed. However, the firm still needs to
explain why the dissolution of the 60 mg strength is faster
than the 90° mg and 120 mg strengths using the gradient pH
method. The fact that isocratic method yielded comparative
dissolution results for all 3 strengths may indicate that this
isocratic pH method does not have the differentiating power.

Firm’s Response:

The firm hypothesized that the faster dissolution rate of the
60 mg strength, using the gradient pH method (USP apparatus
3), may be due to its smaller fill weight. The smaller fill
permits impingement of individual pellets on the bottom wire
mesh of the reciprocating cylinders during dissolution
testing.



This hypothesis was tested in the dissoclution testing of 3
strengths of test product using the single pH method (pH =
6.5) but with USP apparatus 1, opposed to apparatus 2 which
was previously proposed by the firm. During the testing,
beads from the 60 mg strength (£ill weight of 199 mg) covered
only half of the bottom wire mesh of the basket while beads
from the 120 mg strength (383 mg £fill weight) covered the
entire bottom with double layers of beads covering half the
area. Furthermore, the dissoclution profile and release rate
of 2x60 mg were identical as those of 1x120 mg. The results
are presented below in Table 1:

Table 1: Dissolution of Diltiazem HCL ER Capsules (Biovail)

PH = 6.5, USP apparatus 1, 100 RPM

Time (Hour) Percent Dissolved

Strength 60 mg 90 mg 120 mg 2%x60 mg
0 o 0 0 0

1 0.61 6 0 0.35
2 2.15 1.28 0 1.12
3 6.25 4.11 3.3 3.76
4 12.42 8.83 8.46 . 8.46
5 20.21 14.91 15.11 14.35
3 29.50 22.15 23.15 21.31
7 39.77 30.53 32.09 29.189
8 50.06 39,55 "40.98 37.44
9 "s9.08 48.07 48.54 44.99
10 66.62 55.29 54.40 51.31
11 73.11 €0.66 59.10 S56.42
12 77.95 64,72 62.68 60.54
13 81.78 68.05 65.71 €3.96
14 84.82 70.99 68.24 66.65
15 B7.4¢ 73.54 70.25 69.00
16 89.82 75.84 71.93 71.09
17 91.88 77.82 73.35 73.01




18 93.58 79.56 74.97 74.87
19 95.07 81.24 76.26 76.44
20 $6.34 82.70 77.47
Reviewer’s Comment: The firm's explanation for the faster
dissolution rate of the 60 mg strength is acceptable.
2. The validation report for the isocratic pH dissolution method

indicated that the dissolution of the test product is very
sensitive to pH changes, i.e. the dissolution profile changed
from pH 6.70 to pH 6.75 and to pH 6.8.

The firm has expressed intention to reduce this variation by
tight pH control of the pH medium. However, this would be
difficult to accomplish since, as shown in its validation
report, a change of 0.05 unit of pH could cause a variation as
wide as 25% of the amount dissolved.

Firm‘s Response:

The firm developed another isocratic pH (6.5} dissolution
method using USP apparatus 1 (basket). The method was
validated for accuracy and precision (for 5%, 50% and 100% of
label <claim), -selectivity (negligible interference from
capsule shell and excipients), and reproducibility (between
two systems). The basket speed (50, 75 & 100 rpm) had no
significant effect on the amount released. The influence of pH
is presented below in Table 2:

."

Table 2: Comparative Dissolution of Diltiazem HCl ER 120 mg Capsules (Biovail)

At Various pB, USP apparatus 1, 100 RPFM

Time (Hour} Percent Dissolved (CVY¥, n=6)
Strength PH = 6.45 PH = 6.50 pPH = 6.55
0 0 0 0
1 0 0 0.48 (37)
2 0.56 (186) 0 1.45 (16}
3 4.03 (46) 3.30 (33} 4.67 (5)
4 8.55 (23) §.46 (14) 9.99 (3)




5 14.30 (15) 15.11  (9) 17.08  (2)
6 21.00 (10) 23.15  (7) 25.82  (2)
7 28.55 (8) 32.09 (5) 35.58 (2)
8 36.62  (6) 40.98  (4) 45.13 (2)
9 44.14  (5) 48.54  (3) 53.19 (1)
410 50.43  (4) 54.40  (3) 59.94 (1)
11 55.49  (3) $9.10  (3) 64.18 (1)
12 59.60  (3) 62.68  (2) 67.83 (1)
13 62.82  (3) 65.71  (2) 70.76 {1}
14 65.46  (2) 68.24  (2) 73.18 (1)
15 67.64  (2) 70.25  (2) 75.29 (1)
16 69.61  (2) 71.93  (2) 77.13 (1)
17 71.36  (2) 73.35  (2) 78.78 (1)
18 72.91  (2) 74.97  (2) 80.25 (1)
19 74.33 (2} 76.26 (2) 81.63 (1)
20 75.65  (2) 77.47  (2) 82.84 (1)
21 76.90  (2) 76.55  (2)
22 79.55  {2)
23 80.48  (2)
24 81.39  (2)

Reviewer’s ‘Comment:

Among the 3 slightly different pH used in the validation of
this new dissclution methoc, the dissolution rate was highest
and the variation was the lowest at pH 6.55.

For the in vitro dissolution testing of extended release drug
products, the Office recommends USP apparatus 1 for capsules
and aqueous media of various pH (see “Guidance: Oral Extended
(Controlled) Release Dosage Forms: In Vivo Bioeguivalence and
In Vitro Dissolution Testing”, 09/03/93). The purpose is to
select a pH with enough discriminating power for the final
testing method. This is especially important for the test
product due to its pH sensitive nature.

4
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Firm’s Response: A dissolution method was developed by the
firm using USP apparatus 1, phosphate buffer pH 6.5, and
testing time over 20 hours.

Reviewer’s Comment: The dissolution method is the same as
described below in #4. 8See reviewer's comments of #4.

. The dissclution data submitted by the firm using the single pH
method are incomplete. The dissoclution test should be
conducted in 12 capsules of the test product versus 12
capsules of the reference product. The percent of label claim
dissolved at each specified testing interval should be
reported for each individual capsule. The mean percent
dissolved, the range (highest, lowest) of dissolution, and the
coefficient of variation (relative standard deviation) should
be reported.

Firm’s Response: The firm conducted the following dissolution

testing:
—
Table 5 - In Vitro Dissolution Testing
Drug (Generic Name): Diltiazem HCL
Dosage Form: . Extended Release Capsule
Deose Strength: 60;. 90 and 120 mg
ANDA No.: 74-845
Firm: Biovail Corporation International
Submission Date: 04/07/97
I. Conditions for Dissolution Testing:
USP XXIII Apparatus: I (Basket) RPM: 100
Ne. Units Tested: 12
Medium: Phosphate buffer -pH 6.5 Volume: 900 mL
Tolerance:
Reference Drug: Cardizem® SR capsule (Marion Merrell Dow)
Assay Methodology:
II. Results of In Vitro Dissoluticn Testing:
Sampling Test Product Reference Product
Times Lot # 95D00O7 Lot # P20223
(Hours) Strength {(mg): 120 Strength (mg}: 120
Mean % Range (%) RSD(%) | Mean % Range (%) RSD
dissolved dissoclved (%)




ll 1 0.21 523 5.87 £ __} a0

“ 2 0.76 130 15.60 1 7

“ 3 3.54 23 26.02 : _1s "
4 ¥ g.20 11 36.10 2 6
5 14.25 4 10 45.81 4 5
6 21.61 5 9 54.95 3 4

t 7 29.93 2 9  63.47 5 4
8 38.41 8 8 71.36 6 3
9 45.93 5 7 78.48 7 3
10 51.98 5 6 85.02 8 2
11 56.86 5 5 90.73 8 2
12 60.69 ) 4 95.42 9 2
13 63.91 2 4 99.06 9 3 2
14 66.61 i 3 110.85 9 3 2
15 68.83 L 3 103.96 1 3 2
16 70.79 - } 3 105.61 1 5 1
17 72.63 ‘ ) 2 106.89 1 75 2
18 74.35 . ) 2 107.93 1 57 - 2
19 75.95 : ; 2 108.84 1 12 2
20 77.48 " ' 2 109.58 1 4 2
21 78.91 . 2 110.26 1 76 2
22 80.28°. |- % 2 110.85 1 52 2
23 81.53 7 2

24 82.74 € I _ |

Reviewer'’s Comments:

a.

The format of the dissolution submitted by the firm is
acceptable.

The mean amount dissolved at 6 hours was 21.61% (18.56-
24.85%), which was outside the range of 34-56% specified
in the tolerance proposed by the firm.



c. Although the firm did not conduct isocratic pH
dissolution testing using lower pH, this should not be a
concern for dose-dumping in the stomach because:

{1) Earlier dissclution data submitted by the firm
using gradient pH method indicated that at pH 1.5
and 4.5, the mean percent dissolved was only 1-2%.

(2) The mean Tmax of diltiazem obtained in the
bicequivalence studies was 7-8 hours, a time period
long enough for the drug to pass through the
stomach. -

5. To set the dissclution specification for an extended release
oral dosage form without an IVIVC, such as the test product,
the firm is advised to consult with the recently published
Guidance for Industry on “Extended Release Oral Dosage Forms:
Development, Evaluation, and Application of In Vitro/In Vivo
Correlations”, Chapter VII, Section Bl.

Firm’s Response: The firm has proposed, in its submission of
12/30/97 and again per telephone amendment of 2/12/98, the
following dissolution specification:

1 hour
6 hours
20 hours

Reviewer’s Comment: The specification proposed by the
firm for the -6-hour time point does not match the observed
disscolution data (20.35-23.77%).

Fici N
1. The specification proposed by the firm for the 6-hour time
point does not match with the mean dissolution

profile obtained from the biocavailability lot (20.35-23.77%).

2. Please submit dissolution data for the 60 mg and 90 mg
strengths of the test products using the proposed isocratic pH
method (pH 6.5 phosphate buffer). The dissolution test

should be conducted on 12 capsules of the test product versus
12 capsules of the reference product. The percent of label



claim dissolved at each specified testing interval should be
reported for each individual capsule. The mean percent
dissolved, the range (highest, lowest) of dissolution, and the
coefficient of variation (relative standard deviation) should

be regorted.

Recommendations;

1. The dissolutiocn testing conducted by Biovail on its diltiazem
hydrochloride capsules, 60 mg, 90 mg and 120 mg have been
found incomplete due to two deficiencies.

2. The waiver request for the 60 mg and 90 mg strengths of the
test drugs can not be granted pending the acceptance of the
dissclution tests for all three strengths of the test product.

The firm should be informed of the Deficiencies and
Recommendations.

L Wl Chusarg= 15

Lin-Whei Chuang
Division of Bicequivalence
Review Branch I

RD INITIALED YHUANG
FT INITIALED YHUANG L\’ - l**--'* \r-( 3/5/‘??
. /

Concur_@é__é/u/g Date: 3/3/95/

Dale Conner, Pharm.D.
Director, Division of Bioequivalence

cc: ANT ~
HFLC



BIOEQUIVALENCY DEFICIENCIES

ANDA: 74-845 APPLICANT: Biovail Corp. International

DRUG PRODUCT: Diltiazem HCl ER Capsules, 60, 90, 120 mg

The Division of Bioequivalence has completed its review of your
submission acknowledged on the cover sheet. The following
.deficiencies have been identified:

1. The specification proposed by you for the 6-hour time point
does not match with the mean dissolution profile
obtained from the bicavailability lot (20.35-23.77%).

2. Please submit dissolution data for the 60 mg and 90 mg
strengths of the test products using the proposed isocratic pH
method (pH 6.5 phosphate buffer). The dissolution test
should be conducted on 12 capsules of the test product versus
12 capsules of the reference product. The percent of label
claim dissolved at each specified testing interval should be
reported for each individual capsule. The mean percent
dissclved, the range (highest, lowest) of dissolution, and the
coefficient of variation (relative standard deviation) should
be reported.

Sincerely yours,

Pl -

rY - - *
- Dale P. Conner, Pharm.D.
Director, Division of Bioequivalence
Office of Generic Drugs
Center for Drug Evaluation and Research



OFFICE OF GENERIC DRUGS
DIVISION OF BIOEQUIVALENCE

ANDA # 74-845 SPONSOR : Biovail Corp. Internmational
DRUG & DOSAGE FORM : Diltiazem HCl Extended Release Capsules
‘STRENGTHS : 60 mg, 90 mg, 120 mg
TYPES OF STUDIES: Two Fasting BE study (2-way)

One Food study (3-way)

One Multiple Dose study (2-way)

One Pilot PK study (4-way)

Dissoiution testings on all strengths

Waiver request for the 60 mg and 90 mg strengths

CLINICAL STUDY SITE: Biovail Corporation Intermational, Toronto,
Canada
ANALYTICAL SITE : Same as Clinical study site.

RESULTS::

First Fasting BE study {2-way): Non-Pivotal
Second Fasting BE study {(2-way): Acceptable
Food study (3-way): Acceptable

Multiple Dose study (2-way): Acceptable
Pilot PK study (4-way): Non-Pivotal

Dissolution testings: Acceptable with interim specifications

Waiver request for the 60 mg and 90 mg strengths: Granted

PRIMARY REVIEWER :Lin-Whei Chuang BRANCH : I

INITIAL : - DATE : é//3//j7éy

BRANCH CHIEF : Yih-Chain Huang, Ph.D. BRANCH : I

L7
INITIAL : " DATE : c/3/18

' 0 DIRECTOR

DIVISION OF BIOEQUIVALENCE : Dale Conner, Pharm.D.

INITIAL : DATE : ©/5/5Y
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BIOEQUIVALENCY DEFICIENCIES TO BE PROVIDED TO THE APPLICANT

ANDA/ARDA: 74-845 APPLICANT: Biovail Corporation

DRUG PRODUCT: Diltiazem HCl Extended Release Capsules, USP 60, 90,

and 120 mg.

The Division of Bioequivalence has completed its review of your
submission(s) acknowledged on the cover sheet. The following
deficiencies have been identified.

1.

Because it is your intention that the gradient pH method will
be phased out and replaced by the single pH method, the
Division of Bicequivalence will not make further comments on
the gradient pH method. However, you still need to explain
why the dissolution of the 60 mg strength is faster than the
90 mg and 120 mg strengths using the gradient pH method. The
fact that the isocratic method yielded comparative dissolution
results for all 3 strengths may indicate that this isocratic
pH method does not have the differentiating power.

The validation report for the isocratic pH dissolution method.
indicated that the dissolution of the test product is very
sensitive to pH changes, i.e. the dissolution profile changed
from pH 6.70 to pH 6.75 and to pH 6.8.

Biovail has expressed the intention to reduce this variation
by tight control of the pH medium. However, this would be
difficult to accomplish since, as shown in the validation
report, a change of 0.05 unit of pH could cause a variation as
wide as 25% of the amount dissolved.

For the in vitro dissolution testing of extended release drug
products, the Office recommends USP apparatus 1 for capsules
and aqueous media of various pH (({see “Guidance: Oral Extended
(Controlled) Release Dosage Forms: In Vivo Bioequivalence and
In Vitro Dissclution Testing”, 09/03/93). The purpose is to
select a pH with enough discriminating power for the final
testing method. This is especially important for the test
product due to its pH sensitive nature.

The dissolution data submitted using the single pH method are
incomplete. The dissolution test should be conducted in 12
capsules of the test product versus 12 capsules of the
reference product. The percent of label claim dissolved at
each specified testing interval should be reported for each
individual capsule. The mean percent dissclved, the range
(highest, lowest) of dissolution, and the coefficient of
variation (relative standard deviation) should be reported.



To set the dissolution specification for an extended release
oral dosage form without an IVIVC, such as the test product,
you are advised to consult the recently published Guidance for
Industry on "Extended Release Oral Dosage Forms: Development,
Evaluation and Application of In Vitro/In Vivo Correlations”,
chapter VII, section Bl. ‘

Sincerely yours,

st

| —
Rabindra N. Patnaik, Ph.D.
Acting Director
Division of Bioequivalence
Office of Generic Drugs
Center for Drug Evaluation and Research
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BIOEQUIVALENCY AMENDMENT

OAADA T4 - 45

OFFICE OF GENERIC DRUGS, CDER, FDA
Document Control Room, Metro Park North II
7500 Standish Place, Room 150

Rockville, MD 20855-2773 (301-594-0320)

TO:  Biovail Corporation PHONE:(416) 285-6000 X 418
ATTN: Mimi Brennan FAX: (w(qog) st~/ ¢

FROM: Lizzie Sanchez, Project Manager (301-827-5847)
Dear Madam:

This is in reference to the bioequivalency data submitted on April 7, 1997, pursuant to Section
505(j)/48-of the Federal Food, Drug, and Cosmetic Act for Dlltlazem HCI Extended-Release
Capsules, USP 60, 90 and 120 mg.

The Division of Bloequlva]ence has completed its review of the submission(s) referenced above
and has identified deficiencies which are presented on the attached 2 pages. This facsimile is to be
regarded as an official FDA communication and unless requested, a hard-copy will not be mailed.

You should submit a r'ésponse to these deficiericies in accord with 21 CFR 314.96. Your
amendment should respond to all the deficiencies listed. Facsimiles or partial replies will not be
considered for review, nor will the review clock be reactivated until all deficiencies have been

addressed. Your cover letter should clearly indicate that the response is a "Bioequivalency

Amendment" and clearly identify any new studies (i.e., fasting, fed, multiple dose, dissolution
data, waiver or dissolution waiver) that might be included for each strength. We also request that
you include a copy of this communication with your response. Please direct any questions
concerning this communication to the project manager identified above,

SPECIAL INSTRUCTIONS:

THIS DOCUMENT IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED
AND MAY CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL, OR PROTECTED
FROM DISCLOSURE UNDER APPLICABLE LAW. If received by someone other than the addressee or a person
authorized to deliver this document to the addressee, you are hereby notified that any disclosure, dissemination, copying,
or other action to the content of this communication is not anthorized. If you have received this document in error,
please immediately notify us by telephone and return it to us by mail at the above address.
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Diltiazem Hydrochloride Biovail Corporation International
Extended Release Capsules, 60, 90, 120mg  Toronto, Ontario, Canada
ANDA # 74-845 Submission Date:

Reviewer: L. Chuang April 7, 1997

The 5 bioequivalence studies conducted by the firm inciuded 2 single-dose fasted studies, 1 single-
dose fed and fasted study, 1 muitiple-dose fasted study, and a pilot 4-way pharmacokinetic study.
Two deficiencies were found in the review of 03/04/97. The firm’s response in this amendment are
discussed below:

Deficiency #1: For the fed and fasted study, the firm should provide a summary table of all samples
selected for re-assay due to “inconsistency with other analysis values”. The table should include all
assayed values and the rationale of selecting the reported vaiue.

Firm’s Response: The firm’s SOP does not contain information of the number of sample allowed to
be re-assayed due to pharmacokinetic anomaly. In this fed and fasted study, among the 137 samples
selected for re-assay, the number of samples selected for re-assay due to “profile is questionable”
are 52 for diltiazemn, 62 for deacetyldiltiazem (DAD), and 55 for N-monodemethyidiltiazem (NMD).
The reason for the reported value of each re-assayed sample was also described in the firm’s SOP.
Reviewer's Comments.

a. Out of the total of 1071 study samples, the percentages of samples selected for re-assay due
to “profile is questionable” were 5.0% for diltiazem, 5.8% for DAD and 5.1% for NMD.

b. Firm’s response is adequate.

Deficiency #2: The dissolution tests conducted by the firm were incomplete for the following
reasons:

a. The proposed dissolution specification is not appropriate due to the following reasons:

(1)

4
Firm's Response: Since a level A (1:1) correlation was not achieved in the in vivo/in vitro

1



correlation study, the dissolution specifications were based only on the data generated from
the biobatch. The firm submitted additional dissolution data from all 3 strengths of test
products as presented in Table 1

Table 1: In Vitro dissolution Data of Test Products — Gradient pH Method

60 mg Capsule, Lot #95D005 | 90 mg Capsules, Lot #96D006 | 120 mg Capsules, Lot #35D007

Time Point Mean % Range (%) Mean % Range (%) Mean % Range (%)
(Proposed Spec.) | (n=6) (v=6) _ (n=6) _
2hrs 1 1 1
4 hrs 37 27 27
6 hrs 87 ! 80 . 75 _

The range of dissolution results for all 3 product strengths is at 4-hour and

at 6-hour which is closer to the specification of it 4 hours and - at 6 hours.

Based on these data, the firm proposes the following amended dissolution specification using
the gradient pH method as described in the original ANDA.:

2 hr:
4 hr:
Shr: .

In addition, in its submission of 02/11/97, which was in response to Chemistry’s letter of
11/27/96, the firm submitted a single pH method to be used as an alternative method to the
pH gradient method. This isocratic pH dissolution method has the following parameter:

Medium: 900 L of Phosphate buffer pH 6.75
Apparatus: USP Apparatus 2
Paddle speed: 100 rpm
Specification: 1hr:
6hr:
12hr:

Reviewer's Comments:

* 1t appears that the firm’s specification at 4 hours, using the gradient pH method, was
chosen to accommodate the results from the 60 mg capsule.

* The firm’s proposal for a new specification of gradient pH method has no meaning
at all, because the gradient pH method will be phased out.

* The firm did not submit any actual dissolution data using this isocratic pH method.



Time point (hour) Actual Result

Table 2: Comparison of Actual Dissolution Data and the Proposed Specification

(2)  Theresults of the pilot 4-way single-dose study (#1602) indicated that neither the
slow-releasing nor the fast-releasing batch is bioequivalent to the biobatch (medium-
releasing batch), and yet the proposed specifications covered the dissolution results

from all 3 batches. This is inconsistent with the principle of in vitro-in vivo
correlation.

Firm'’s Response: The firm’s stated that since & 1:1 correlation was not achieved during the
IVIVC study, this supporting study will not be the determining factor in the setting of the
specification.

Reviewer’s Comment: Firm's response is adequate.

(3)  Comparison between the observed dissolution results and the proposed specification
at each time point shows that the proposed range is much wider than the actual data
observed, as demonstrated below in Table 2.

Proposed Specification

1

@ ||~

12

100.7 - .oo.. ﬂ

Firm's Responsé: The actual results presented in the above table only pertain to the 120 mg
strength. When the data of all 3 strengths are considzred, the range is wider and more closely
represents the proposed specification.

Reviewer's Comment: 1t appears that the firm’s specification at 4 hours, using the gradient
pH method, was chosen to accommodate the results from the 60 mg capsule.

The firm chose to use gradient pH of dissolution media and USP 3 dissolution apparatus with
the speed of 20 DPM. Since the proposed dissolution specifications were not fully supported
by the observed data, the firm should either revise the specifications or submit additional data
for review. The firm should also consider other dissolution testing methods, such as those
described in the Guidancz for Oral Extended Release Dosage Forms.

Firm’s Response: As described in its response to deficiency #2a(1), the firm had submitted
a single pH method to be used as an alternative method to the pH gradient method. Both

3



methods will be employed , but the gradient pH method will be phased out and replaced by
the single pH method. This isocratic pH dissolution method has the following parameter:

- Medium: 900 m1. of Phosphate buffer pH 6.75

Apparatus: USP Apparatus 2
Paddle speed: 100 rpm

Specification: 1hr
6 hr
12hr

Dissolution tests were performed with the 120 mg strength (lot #95D007) using single pH
medium and employing USP apparatus 2 at 100 rpm; and USP apparatus 3 at 20 dpm which
was the apparatus used in the gradient pH method. The results are presented below in Table
3:

Table 3: Comparison of dissolution profiles of 120 mg strength - Single pH Method

Time (hr) USP apparatus 3 USP apparatus 2

Amount Dissolved (%)

[= W N ¥ )

16

I 9

The firm concluded that results from both methods are comparable. The single pH methed
will be employed in‘the future for quality control release and stability of the test products.

A validation report for the isocratic pH dissolution test method for diltiazem HCI ER bid
USP capsules was also provided by the firm.

Reviewer's Comments:

* The firm did not provide any detailed information of the results in Table 3, i.e,,
number of capsules tested, range of results, CV%.

* The validation report for the isocratic pH dissolution method indicated that the
dissolution of the test product is very sensitive to pH changes, i.e. the dissolution
profile changed from pH 6.70 to pH 6.75 and to pH 6.8.



The firm has expressed concerns that the pH of the dissolution medium may cause
a variation in the dissolution results. It intends to reduce this variation by tight pH
-control of the pH medium. However, this would be difficult to accomplish since, as
shown in its validation report, a change of 0.05 unit of pH could cause a variation
as wide as 25% of the amount dissolved.

For the dissolution method and specification for diltiazem HC| extended-release capsules, the
firm is also advised to refer to USP 23, Supplement 5, p.2919-2920. :

Firm’s Response: The firm referred to the response to deficiency 2b and stated that the single
pH method follows the requirements of USP dissolution testing.

Reviewer's Comments:

* For diltiazem hydrochloride ER capsules which are labeled for dosing every 12 hours,
the USP (USP 23, Supplement 5, p.2919-2920) recommends either one of the
following three dissolution tests:

Test 1: Medium: water; 900 mL
Apparatus 2: 100 rpm
Times: 3 hours, 9 hours; 12 hours
Tolerance: 3 hours -
: 9 hours -
12 hours -

Test 4: Medium: water; 900 mL
: Aprparatus 2: 100 rpm
«, Times: 4 hours, 8 hours; 12 hours, and 24 hours
Tolerance: 4 hours -
8 hours -
1Z hours -
24 hours -

Test 5: Medium: 0.05 M phosphate buffer, pH 7.2, 900 mL
Apparatus 2: 50 rpm
Times: 1 hour, 3 hours; 8 hours
Tolerance: 1 hours -
3 hours -
12 hours -

The firm’s dissolition method and specification do not follow any of the above 3
tests.



*

For the in vitro dissolution testing of extended release drug products, the Office
recommends USP apparatus 1 for capsules and aqueous media of various pH ((see
“Guidance: Oral Extended (Controlled) Release Dosage Forms: In Vivo
Bioeguivalence and In Vitro Dissolution Testing”, 09/03/93). The purpose is to
select a pH with enough disctiminating power for the final testing method. This is

© especially important for the test product due to its pH sensitive nature.

d. The dissolution rates for the 60 mg strength product were faster than those for the 90 mg and
120 mg strengths and were similar to those observed for the fast-releasing formulation of the
120 mg strength,. The firm should provide explanation for such observation,

Firm's Response: The biobatches for all 3 strengths were produced using the same population
of beads (IR lot A1A2) encapsulated into different sizes of capsules. The firm conducted
dissolution tests, in two different laboratories, Biovail R&D Laboratories and Biovail
Stenbach Laboratory (the production site), on all 3 strengths using the single pH method as
described in its responses to 2a(1) and 2b. The results are presented below in Table 4:

Table 4: Dissolution data obtained from two laboratories — Single pH Method
Biobail R&D laboratory ﬂ Biovail Stenbach (production) lab.
Cumnulative amount reieased (%) Cumulative amount released (%o
60mg 90 mg | _12'9 mg 60 mg 90 mg -120 mg
- | |

Time (br)

. I ax.\u
L .

The firm concluded that the dissolution profiles are comparable among the 3 strengths using the single

pH method.

Reviewer's Comments:

*

The firm did not provide any detailed information of the results in Table 4, i,
number of capsules tested, range of results, CV%.

The firm still needs to explain why the dissolution of the 60 mg strength is faster than
the 90 mg and 120 mg strengths using the gradient pH method. The fact that isocratic



method yielded comparative dissolution results for all 3 strengths may indicate that
this isocratic pH method does not have the differentiating power.

e The dissolution tests were conducted in 2 batches of 6 capsules each. The dissolution test
should be conducted in 12 capsules of the test product versus 12 capsules of the reference
product. The percent of label claim dissolved at each specified testing interval should be
reported for each individual capsule. The mean percent dissolved, the range (highest, lowest)
of dissolution, and the coefficient of variation (relative standard deviation) should also be
reported.

Firm’s Response: The firm submitted the requested information as presented below in Table

Table § - In Vitro Dissolution Testing

Drug (Generic Name): Diltiazem HC1

Dosage Form: Extended Release Capsule
Dose Strength: 60, 90 and 120 mg

ANDA No.: 74-845

Firm: Biovail Corporation International
Submission Date: 04/07/97

I. Conditions for Dissolution Tcsting:_

USP XXIII Apparatus: IIT (Bio-Dias) DPM: 20

No. Units Tested: 6+6

Medium: Phosphate buffer -pH 1.5 at 0-1 hour Volume: 250 mL
pH 4.5 at 1-2 hour
pH 6.9 at 26 hour

pH 7.2 at 6-12 hour

Tolerance:

Reference Drug; Cardizem® SR capsule (Marion Merrell Dow)

e

Assay Methodology: -
IL_Results of In Vitro Dissolution Testing:
Sampling Test Product Reference Product
Times Lot # C3/95 AIA2IMTC3 (Pkg. 95D007) Lot # P20223
(Hours) Strength (mg): 120 Strength (mg): 120
Mean % dissolved | Range (%) RSD(%) | Mean % dissolved | Range (%) RSD (%)

1 1 ' 12.79 5 |_5.02

2 1 14.71 11 : L_6.58

4 21 | T ) 9.65 32 ) | 325

7



' |
6 72 2.98 66 2.66
I: 100 1.69 92 2.03
H 12 104 1.73 109 1.78
|
: ! Sampling Test Product Reference Product
Times Lot # C3/95A1A22-MTC2 (Pkg. 95D006) Lot # P10279 l
(Hours) Strength (mg): 90 Strength (mg): 90
Mean % dissolved | Range (%) RSD (%) | Mean % dissolved | Range (%) RSD (%) "
1 1 19.35 5
2 1 19.07 11
4 23 6.36 33
6 78 3.57 69
8 104 3.62 96 2.19
12 106 3.69 112 109 - . 1.29
Sampling Test Product Reference Product
Times Lot # C3/95A1A21-MTC1 (Pkg. 95D005) Lot # E01426
(Hours) Strength (mg): 60 _ Strength (mg): 60
Mean % dissolved | Range (%) RSD (%) | Mean % dissolved | Range (%) RSD (%)
1 1 17.95 5 | 9383 'J
2 1 16.72 10 8.34
4 41 L 7.51 32 4.51
6 93 3.26 71 7.87
8 106 3.60 9 3.55
12 107 3.61 112 - 1.97
L L

Reviewer's Comment: The data in Table 5 comply with the Division’s request in deficiency

2e.

f The batch numbers were not reported for the test products used in the dissolution test
presented in Table 3 of the report for project Dil-B12.

Firm’s Response:

The firm provided the batch numbers for the slow, medium and fast
batches which were identical to those presented in Table 2 of the same report.



General Comments:

1. Because it’s the firm’s intention that the gradient pH method will be phased out and replaced
by the single pH method, the Division of Bioequivalence would not make further comments
on the gradient pH method. However, the firm still needs to explain why the dissolution of
the 60 mg strength is faster than the 90 mg and 120 mg strengths using the gradient pH
method. The fact that isocratic method yielded comparative dissolution results for all 3
strengths may indicate that this isocratic pH method does not have the differentiating power.

2. The validation report for the isocratic pH dissolution method indicated that the dissolution
of the test product is very sensitive to pH changes, i.e. the dissolution profile changed from
pH 6.70 to pH 6.75 and to pH 6.8.

The firm has expressed intention to reduce this variation by tight pH control of the pH
medium. However, this would be difficult to accomplish since, as shown in its validation
report, a change of 0.05 unit of pH could cause a variation as wide as 25% of the amount
dissolved.

3. For the in vitro dissolution testing of extended release drug products, the Office recommends
USP apparatus 1 for capsules and aqueous media of various pH ((see “Guidance: Oral
Extended (Controlled) Release Dosage Forms: In Vivo Bioequivalence and In Vitro
Dissolution Testing”, 09/03/93). The purpose is to select a pH with enough discriminating
power for the final testing method. This is especially important for the test product due to
its pH sensitive nature.

4 The dissolution data submitted by the firm using the single pH method are incomplete. The
dissolution test should be conducted in 12 capsules of the test product versus 12 capsules of
the reference product The percent of label claim dissolved at each specified testing interval
should be reported for each individual capsule. The mean percent dissclved, the range
(highest, lowest) of dissolution, and the coefficient of variation (relative standard deviation)
should be reported.

5. To set the dissolution specification for an extended release oral dosage form without an
IVIVC, such as the test product, the firm is advised to consult with the recently published
Guidance for Industry on “Extended Release Oral Dosage Forms: Development, Evaluation,
and Application of In Vitro/In Vivo Correlations”, Chapter VII, Section B1.

Deficiency:

The dissolution test conducted by the firm has been found to be incomplete due to General Comments
#1-5.



Bioequivalence.

The single-dose, fasted bioequivalence study, and multiple-dose fasted bioequivalence study,
‘ ! conducted by Biovail Corporation International on its Diltiazem Hydrochloride Extended

| Release 120 mg capsule, lot ##C3/95A1A21-MTC3, comparing it to Cardizem® SR 120 mg
' ¢ capsule, lot #P20223, have been previously (03/04/97) found acceptable by the Division of

2. The single-dose, fed and fasted bioequivalence study, conducted by Biovail Corporation
International on its Diltiazem Hydrochloride Extended Release 120 mg capsule, lot
#C3/95A1A21-MTC3, comparing it to Cardizem® SR 120 mg capsule, lot #P20223, is now

found to be acceptable by the Division of Bioequivalence.

3. The dissolution testings conducted by Biovail Corporation International on its Diltiazem
Hydrochloride Extended Release 60 mg, 90 mg and 120 mg capsules have been found

incomplete due to the deficiency.

4. The waiver request for the 60 mg and 90 mg strengths of the test drugs can not be granted

pending the acceptance of the dissolution tests.

The firm should be informed of the General Comments, Deficiency and Recommendations.

. . /o -
3) ez
Lin-Whei Chuang

Division of Bioequivalence
Review Branch I
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ANDA 74-845

o ——

MAR | 3 iS5

Biovail Corporation International

‘Attention: Robert Burford

U. S. Representative
200 Hurlbutt Street
Wilton, CT 06897-7299

I"llll"lllllll'lllllllllIllllllIl“illl'llllll"l'

Dear Sir:

Reference is made to the bioequivalence data submitted on January
31, 1996 in support of Diltiazem Hydrochloride Extended Release
Capsules, 60 mg, 90 mg and 120 mg.

The oOffice of Generic Drugs has reviewed the submitted
bjocequivalence data and the following comments are provided for
your consideration:

1. The Division has no further questions about either the single-
dose, or the multiple-dose fasted bioequivalence studies,
conducted on Diltiazem Hydrochloride Extended Release 120 mg
capsule, ‘(Biovail) 1lot #C3/95A1A21-MTC3, comparing it with
cardizem® SR 120 mg capsule, lot #P20223 (Marion Labs).

2. The single-dose, foud challenge study, conducted on Diltiazem
Hydrochloride Extended Release capsules, 120 mg, lot
#C3/95A1A21-MTC3, comparing it with Cardizem® SR capsules, 120
mg, lot #P20223, has been found incomplete. For study #1533~
1, please provlde a summary of all samples selected for re-
assay due to "inconsistency with other analysis values". The
table (preferred format) should include the original assay
value, reason for re-assay, re-assayed value, value selected
for the final report, and the rationale for choosing the
selected value.

3. The dissolution tests have been found incomplete for the
following reasons:

a. The tentative or the proposed dissolution specification
is not appropriate for the following reasons:

1) ‘T s law ad+ A haurs



specification for the é-hour time point. There is
no differentiation between the test product with
fast-, medium-, or slow-releasing characteristics

using the proposed specification.

2) The results of the pilot 4-way single-dose study
(#1602) indicated that neither the slow-releasing
nor the fast-releasing batch is bicequivalent to
the biobatch (medium-releasing batch), and yet the
proposed specifications cover the dissclution
results from all 3 batches. This is inconsistent
with the principle of in vitro-in vivo correlation.

3) Comparison between the observed dissolution results
and the proposed specification at each time point
shows that the proposed range is much wider than
the actual data observed, as demonstrated in the
table below.

Time point (hour) Actual Result ' l Proposed Specification

1
2
4.
6
8

1z

The firm chose to use gradient pH of dissolution media
and USP dissolution apparatus 3 with the speed of 20 DPM.
Since the proposed dissolution specifications were not
fully supported by the observed data, the firm should
either revise the specifications or submit additional
data for review. The firm should also consider other
dissolution testing methods, such as those described in
the Guidance for Oral Extended Release Dosage Forms.

For the dissolution method and specification for
d@ltiazem hydrochloride extended-release capsules, the
firm is also advised to refer to USP 23, Supplement 5,
P.2919-2920.

The dissolution rates for the 60 mg strength product were
faster than those for the 90 mg and 120 mg strengths and
were similar to those observed for the fast-releasing
formulation of the 120 mg strength. Provide an
explanation for this observation.



e. The dissolution tests were conducted in 2 batches of 6
capsules each. The dissolution test should be conducted
in 12 capsules of the test product versus 12 capsules of
the reference product. The percent of 1label claim
dissolved at each specified testing interval should be
reported for each individual capsule. The mean percent
dissolved, the range (highest, lowest) of dissolution,
and the coefficient of variation (relative standard
deviation) should also be reperted.

f. The batch numbers were not reported for the test products
used in the dissolution test presented in Table 3 of the
report for project Dil~-Bi2.

The request for waiver of the biocequivalence requirements for
the 60 mg and 90 mg strengths of the test drugs can not be
granted pending the acceptance of all the regquired
bicequivalence studies on the 120 mg strength and the
comparative dissclution tests on each strength.

As described under 21 CFR 314.96 an action which will amend this
application is required. The amendment will be required to
address all of the comments presented in this letter. Should you
have any questions, please call Lizzie Sanchez, Pharm.D., Project
Manager, at (301) 5%4-2290. In future correspondence regarding
this issue, please include a copy of this letter.

Sincerely yours,

A -

U e
Nicholas F¥€¥ cher, Ph.D.
. Director, a"

A Division of Bioceguivalence
g Office of Generic Drugs
Center for Drug Evaluation and Research
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Diltiazem Hydrochloride Biovail Corporation International
Extended Release Capsules, 60, 90, 120 mg Toronto, Ontario, Canada
ANDA # 74-845 ~ Submission Date:

Reviewer: L. Chuang . January 31, 1996

Diltiazem HC! is a calcium ion influx inhibitor. It produces antihypertensive effect primarily by
relaxation of vascular smooth muscle and the resultant decrease in peripheral vascular resistance. It
is indicated for the treatment of hypertension. It may be used alone or in combination with other
antihypertensive medications, such as diuretics.

Diltiazem is well absorbed from the GI tract and is subject to an extensive first-pass effect and
undergoes extensive metabolism and results in two known active metabolites, desacetyldiltiazem
(DAD) and N-monodemethyldiltiazem (NMD). Plasma elimination half-life is about 3-4.5 hours and
is slightly increased with dose. When the innovator product was coadministered with a high fat
content breakfast, the extent of diltiazem absorption was not affected. Dose-dumping does not occur.

Marion Laboratories is the innovator and markets this drug under the brand name i) Cardizem® in 30
mg, 60 mg, 90 mg and 120 mg strength (immediate release) tablets; ii) Cardizem® SR in 60 mg, 90
mg, and 120 mg strength extended-release capsules; and iii} Cardizem® CD in 180 mg, 240 mg, and
300 mg strength extended-release capsules.

The submission contains reports of the following 5 bioequivalence studies:

2-way single-dose fasted study (#1532-1) in 24 subjects

2-way single-dose fasted repeat study (#1659) in 38 subjects

3-way single-dose food effect study (#1533-1) in 21 subjects

2-way multiple-dose study (#1534-2) in 24 subjects

Pilot 4-way single-dose pharmacokinetic study (#1602) in 12 subjects

R W

The objective of this study was to compare the rate and extent of absorption of the firm's Diltiazem
HCl 120 mg sustained-released capsules to Cardizem® SR 120 mg capsules under fasted condition.

The clinical study was conducted at Biovail Corporation Intemnational in Toronto, Ontario, Canada
during 07/14-17/95 and 07/ 21-24/95 with as the principal investigator. The analytical
study was conducted at Biovail Corporation International in Toronto, Ontario, Canada during 07/26-
09/18/95 by analysts



The design of the study was a single-dose, 2-way crossover in non-smoking male volunteers under
fasted condition. The protocol was approved by Institutional Review Board of Biovail Corporation
International (chaired by on 05/10/95.

Twenty-six ¢26) non-smoking male volunteers, 18-42 years old, were enrolled who had their
preclinical laboratory test data reviewed by the physician which included biochemical profile,
hematology, urinalysis and drugs of abuse screen. The inclusion criteria were:

albod e

male, 18-45 years old, non-smoking, and body weight within +10% of ideal weight
availability for the entire study period and willingness to sign the informed consent form
normal vital signs and ECG, blood pressure > 100/60 mm/Hg, pulse rate > 50 bpm
Clinical laboratory values within +10% of normal range unless considered clinically
insignificant by the investigator

negative for drugs of abuse

The exclusion criteria were:

[ % I

SR

10.

history or presence of hypersensitivity to Diitiazem or related drugs

history or presence of disease of any organs or condition known to interfere with the
absorption, distribution, metabolism or excretion of drugs

significant iliness during the 4 weeks prior to entry into this study

history of frequent headache

any physical abnormality

requirement of drug maintenance therapy, history of drug dependency, of psychological
disease -

Alcohol abuse or participation in a clinical trial within 30 days preceding this study, including
MAQO inhibitors

use of enzyme-inducing or enzyme-inhibiting drugs within 30 days prior to entry into this
study _
Administration of any medication within 14 days preceding entry to this study

blood donation within the previous 60 days

After an overnight fast of 10 hr, on the moming of 07/15/95, each subject received one of the
following treatments with 240 mL of water:

Treatment A - Test Drug:  Diltiazem HCI ER capsule, 1 x 120 mg, Biovail Corporation
International, lot #C3/95A1A21-MTC3, potency 100.6%,

manufacturing date , lot size of \psules.
Treatment B - Reference Drug: Cardizem® SR capsule, 1 x 120 mg, Marion Merrell
Dow Inc, lot #P20223, expired 12/95, potency
100.2%.



Water was allowed ad libitum 1 hour post dose. After a 7-day washout, on 07/22/95, each subject
was crossed over to the alternative treatment. Subjects remained fasted for 4.5 hours post dose
and ambulatory for 4 hours post dose. They were confined to the clinical facility at 9 PM
the evening before dosing until after the 48-hours blood draw. Blood pressure, heart rate and
ECG were thonitored at 0, 2, 4, 8 and 12 hours post-dose during each period. Physical
examination and laboratory tests were repeated at the completion of the study.

* Blood samples (10 mL each) were collected in Vacutainers containing EDTA at 0, 1,2, 3, 4, 5, 6,
7, 8, 10, 12, 16, 20, 24, 28, 36, and 48 hours post-dose. Plasma samples were prepared, frozen, and
stared at -70°C until transferred to the analytical site and assayed for Diltiazem, DAD, and NMD.

Analytical Method - Not for Release through FOI:

Diltiazem, plus metabolites and internal standard (propranolol) were extracted into an organic solvent
from 1 mL of basified plasma. The analytes were back extracted into an acid solution and injected

onto . ;

The maximal duration of plasma ;«samples storage was 65 days which was shorter than the period
covered by the validated long-term stability study (25 weeks, see below).

Method Validation

The results of pre-study validation were reported as following:

Calibration Range: Diltiazern: 3.1-804.4 ng/mL (correlation coefficient of 0.9988, n=6)
DAD: 1.0-262.3 ng/mL (correlation coefficient of 0.9996. n=6)
NMD: 3.1-794.8 ng/mL (correlation coefficient of 0.9995, n=6)

Limit of Quantitation: Diltiazem: 3.1 ng/mL (precision 5.9% CV, accuracy 96.8%, n=5)

-, DAD: 1.0 ng/mL (precision 8.1% CV, accuracy 110%, n=6)
NMD: 3.1 ng/ml (precision 3.5% CV, accuracy 96.8%, n=6)

Specificity: Lack of interferences from endogenous plasma components.

Precision and Accuracy are presented below in Table 1:

Table 1: Precision and Accuracy

Analiyte Intra-Assay (n=5) Inter-Assay (n=5)
(assay range) -

Precision (% CV) Accuracy (%) Precision (% CV) Accuracy (%)
Diltiazem 1.1-47 97.7-110.7 20-54 93.2-104.2

(4.4-567.8 ng/mL)




DAD 1.0-9.7 106.0-113.2 1.5-13.5 93.3.105.7
(1.5-193.7 ng/ml)
NMD 1.7-44 93.9-106.7 " 2.1-102 102.1-111.1
(4.5-580.8 ng/mL)

The stability of 3 analytes under different conditions are presented below in Table 2.

Table 2: Stability Data

whole blood in ice bath for 30 minutes 97.9% 100.5% 92.8%
whole biood at room temperature for 30 97.5% 100.4% 93.6%

min.

plasma with buffer for 15, 30, 45, and 60 97.4-102% 97.4-100.0% 99.1-105.0%
minutes

extracted sampies (in 3 concentrations) in 96.6-102.0% 104.3-105.2% 99.0-101.4%
acid solution for 21 hours

3 freeze-thaw cycles as compared ol 103.3% 100.0% 100.3%
freeze-thaw cycle

25-week in plasma (with 3 concentrations) | 108.6-118.5% 100.1-113.4% 99.5-103.3%
at -70°C

The recoveries of diltiazem, DAD and NMD over the concentration range of their respective
calibration curve range were 89.2-110.5%, 94.4-142.9% and 97.5-121.4%, respectively. The
recovery of internal standard wa: 99.5%.

The assay method was further validated during the analysis of the study samples when 18 standard
curves, each curve contamed a 6-point calibration and duplicates of 4 levels of QC samples, for
every of the 3 analytes weére conducted. The correlation coefficients of the curves were 0. 9982,
0.9961 and 0.9973 or larger for diltiazem, DAD and NMD, respectively. The accuracy and precision
of these standard and QC samples are presented below in Table 3:

Table 3: During-Study Validation Data — Single Dose — Fasting ~ #1532-1

Accuracy (%) Precision (% CV)
e~ e —
Analyte Standard QC Sampie Standard QC Sample
Diltiazem 93.3 - 104.2 91.1-110.0 2.5-10.5 72-11.2
DAD 100.0 - 102.5 96.6 - 108.8 27-85 71-118
NMD 98.2 - 103.3 91.1-102.1 2.5-6.2 102-13.6




Results:

Of the 26 subjects enrolled, 2 subjects did not complete the study. Subject #6 was dismissed from
the study during period 1 (treatment B) because of an 2° AV block type 1, and subject #24 did not
report for period 2 dosing.

There were no other protocol deviation. Twenty-five (25) adverse events were reported by 14
subjects, 6 during treatment A and 19 during treatment B. The adverse effects were sinus
bradycardia, headache, 2° AV block type 1, SR non-specific T-wave changes (and inversion in V2
to V6), SR non-specific ST changes, weakness, diarrhea, dizziness, diaphoresis, and pallor.

No clinically significant abnormalities were reported during the physical examination and laboratory
tests at the completion of the study.

The plasma samples from 24 subjects (excluding subjects #6 and #24, both were in the sequence of
BA) were assayed for diltiazem, DAD and NMD. Reassays conducted due to the anomaly of the
first value included 14 samples for diltiazem, 14 samples for DAD and 17 samples for NMD. Each
was repeated at least twice, and the average of the repeated results were reported.

The mean plasma concentrations of diltiazem, DAD and NMD at each sampling point after both
treatments and the mean pharmacokinetic parameters are presented below in Figures 1-3 and Tables
4-6. The calculation of K; was based on the most linear portion of the terminal elimination phase in
the semi-log plot of individual subject data.

e
Time (hour) Biovail (Treatment A) Marion Merrell Dow (Treatment B) 1'
0 e 0 0

1 0 0

2 0 2.40 (140)

3 0.76 (490) 9.30 (84)

4 0.11 (137 26.22 (96)

5 4745 O 5884 (63) i
6 7643 (53) 79.56 (5D “
7 8736  (38) 8120  (37) "
8 86.05 (34) 86.26 (36) ||
10 65.15 (3N 71.09 (45) ||




12 5249 (3T 57.61  (40)
16 31.97  (46) 3472 (46)

20 1978 (54) | 2200 46 |
24 1519 (66) 1669 (1%

28 1218 (66) 1139 (76)

36 5.10 (124) 4.02 76)

48 069 (407 ‘ 048 (67 E
AUC, (ng*hrfmL) 1007.09  (36) 1080.54  (42) "
AUC, ., (ng*hr/mL) 107632 (36) 114472 (40) |
| Cpy (ng/ml) 98.23  (36) 9540 (43)

LNAUC,, 947.63" 994.22¢ H
LNAUC, . 1015.29" 1061.48*

LNC 93.16" 87.92" H
| Ty (hour) 738 (28) 783 (19 H
='I‘£(hour) 7.94 an 7.41 34 ||

a = geometric mean

— -
Time (hour) __| Biovail (Treatment A) Marion Merrell Dow (Treatment B) "
0 | o 0 I
1 0 0 "
2 0.07  (490) 0 ||
3 004  (490) 027 (23 ||
4 005  (490) 065  (174) H
5 113 (3D 148 (108) l!
6 283 (D 317 (63)

7 431 (60 389 (48)

8 537 (65) 499  (48)

10 ‘ 6.08 (68) 5.89 (62) “




a = geometric mean

12 613 (67 627 (69 ||
16 499 (1% 513 (70) "
20 3.95  (64) 455 (%) l
24 ~ 334 D 352 (D
28 272 (72) 287 (108)
36 L34 (99 138 (129)
48 0.52 (15D 051 (209)
AUC,, (ng*hr/mL) 12526  (70) - 12925 (7D
[LAUC, ., (ng*hr/mL) 166.13__ (53) 16645 (67) i
| Cpy (ng/ml) 681 (63) 6.86 __(62)
LNAUC,, 100.59* 98.13*
LNAUC, 147.58" 140.16*
| LNCp, 5.824 5.86
| T, (hour) 1L.21 (3% 1142 (38 i
| Ty (houn) 1675 (76 13.57 (1)) u
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Time (hour) Biovail (T realmcm A) Marion Merrell Dow (Trestment B)
0 0 ‘i 0o

1 "0 0

2 0 0

3 0 0.75 (237

4 1.28 (193} 4.68 (96)

5 7.21 (86) 10.75 (60)

6 13.21 (54) 15.30 {(52)

7 17.78 (39) 17.35 (33)

8 19.66 {35) 20.33 (33)

10 20.01 {33) 20.50 (37)

12 18.09 (34} + 18.76 (30}




a = geomelric mean

Analysis of Variance was performed on the log-transformed data of AUC,, AUC, ., and C_,,,

16 1397 (33 1488 (29) i
20 1038 (34) 1157 (33) II
24 857 (43) 847 (36) |
28 - 717 (40) 691  (39) |
36 339 (76) 290  (83) |
48 042 (271 044 Q7D |
' ﬂ
AUC,, (ng*hrimL) 35338 (34) 36992 (33) |
AUC, . (ng*hr#nL) 43475 (28) 45469  (26) I
| o (owml) 2204 (30) 2258 (36)
INAUC,, 334.21° 350.77° |
LNAUC, 419.04* 440.59* |
INC 20.85* 21.33° |
| T (houn 938 (24) 996 (29) i
| T, (hown _ 1233 (3D 1231 (6 ||

using

SAS GLM procedure. The model included sequence, subject within sequence, treatment and period
as factors. The sequence effect was tested using the subjects within sequence effect as the error term.
The treatment and period effect were tested against the residual mean square error.

No significant sequence, period, or treatment effects were detected for any of the parameters. |

The LS means of the non-transformed and log-transformed pharmacokinetic parameters, ratios of
these means and the 90% confidence intervals of test product versus reference product are presented

in Tables 7-9.

able 7: Statistica

Parameter LS Means LS Means R 90% Confidence ]
(Test) (Reference) Interval
AUC,, 1008.27 1075.33 0.4 (0.848; 1.019) "
LNAUC,, 6.8560 6.8990 0.96" (0.884; 1.038)
(949.60% (991.289
AUC,. . 1076.42 1139.49 (.94 (0.865: 1.018) ||




LNAUC, .. 6.9238* 6.9646 0.96* (0.890; 1.035)
(1016.20% (1058.520
Co 98.00 94.91 1.03 (0.862; 1.201)
LNC,_.. = 4.5335 44734 1.06* (0.897, 1.25T)
(93.080 (B7.66M
a = Geometric Mean
b = Ratio of Geometric Means

Parameter LS Means LS Means TR 90% Confidence
(Test) (Reference) Interval H
AUC,, 124.33 128.22 0.97 (0.863. 1.07D ||
LNAUG,, 46018 45700 1.03* (0.919; 1.159) "
(99.67 (96.557)
AUCW 165.49 164.65 1.01 (0.865; 1.145 I'
LNAUC, ¢ 4,9942" 4.9293 1.0 (0.921,1.237)
(147.55% (138.28%
Coax 6.72 6.81 0.99 (0.862, 1.119 H
LNC, .. 1.7499 1.7577 0.99* (0.885; 1.112) .
| 5759 (5.80% :
a = Geometric Mean
b = Ratio of Geometric Means
able 9; Statistical 2 -
e e e e —
Parameter LS Mearis LS Means R 90% Confidence ]I
(Test) (Referenice) Interval
AUC,, 352.18 368.09 0.96 (0.893;, 1.021)
LNAUC,, 5.8089 5.855%9 0.95 (0.889; 1.024)
(333.249 (349.28%
AUCD-nr 433.4! 452.55 0.96 (0.880: 1.035)
LNAUC, . 6.0353* 6.0846 0.95" (0.883; 1.026) i
417.93% (439.059
Chas 21.87 22.50 0.979 (0.854; 1.090)
LNC,_. 3.0300 3.0562 0.97* (0.870; 1.091)
(20.70% (21.259

a = Geometric Mean



b = Ratio of Geometric Means
Comments:
1. The yalidation report of the analytical methodology for the 3 analytes is acceptable.

2. The ratios of AUC,/AUC, . for DAD and NMD of some subjects were below 0.8. This was
due to the nature of the extended release dosage form of the drug products and the limit of
blood collection time period (48 hours).

3. The 90% confidence intervals of LNAUC,, LNAUC, . and LNC_,, for all 3 analytes were
all within 80-125% except that of LNC . for diltiazem was 89.7-125.7%. This could be the
reason the firm repeated this single dose fasted study in more subjects.

4, The calculation of all pharmacokinetic parameters, their LS means, and the 90% confidence
intervals submitted by the sponsor have been confirmed by the reviewer's own calculation.

Bioequivalence Study #1659 — Repeated, 2-Way, Single Dose. Fasted

The objective of this repeated study was to compare the bioavailability of a single dose of the firm's
diltiazem HCI 1x120 mg sustained-released capsule to Cardizem® SR 1x120 mg capsule under fasted
condition.

The clinical study was conducted at Biovail Corporation International in Toronto, Ontario, Canada
during 10/20-30/95 (group 1, n=32) and 10/27-11/06/95 (group 2, n=6) to ensure at least 32 subjects
completed the study witl 1s the principal investigator. The analytical study was
conducted at Biovail Corporatior: International in Toronto, Ontario, Canada during 10/31-12/01/95
by analyst

The design of the study was a single-dose, 2-way crossover in non-smoking male volunteers under
fasted condition. The protocol was approved by Institutional Review Board of Biovail Corporation
International (chaired by n 10/04/95.

Thirty-eight (38) non-smoking male volunteers, 18-41 years old, were enrolled who had their
preclinical laboratory test data reviewed bty the physician which included biochemical profile,
hematology, urinalysis and drugs of abuse screen. The inclusion and exclusion criteria were the same
as those stated in the previous study (#1532-1).

After an overnight fast of 10 hr, on the moming of 10/21/95 for group 1 (n=32) and 10/28/95 for
group 2 (n=6), each subject received one of the following treatments with 240 mL of water:

Treatment A - Test Drag: Diltiazem HCI ER capsule, 1 x 120 mg, Biovail Corporation
International, lot #C3/95A1A21-MTC3, potency 100.6%,
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manufacturing date , lot size of apsules.
Cardizem® SR capsule, 1 x 120 mg, Marion Merrell
Dow Inc., lot #P20223, expired 12/95, potency
100.2%.

Treatment B - Peference Drug:

After a 7-day washout, on the moming of 10/28/95 for group 1 (n=32) and 11/04/95 for group 2
- (n=6), each subject was crossed over to the alternative treatment. The study procedures, including
blood sampling schedule, were the same as in the previous study #1532-1.

The same validated analytical methods were conducted for the analysis of plasma diltiazem, DAD and
NMD of this study. The maximal duration of plasma samples storage was 41 days which was shorter
than the period covered by the validated long-term stability study (25 weeks).

The assay method was further validated during the analysis of the study samples when 22 standard
curves, each curve contained a 6-point calibration and duplicates of 4 levels of QC samples, for
every of the 3 analytes were conducted. The correlation coefficients of the curves were 0.9983,
0.9982 and 0.9988 or larger for diltiazem, DAD and NMD, respectively. The accuracy and precision
of these standard and QC samples are presented below in Table 10:

Table 10: During-Study Validation Data — Repeated — Single Dose ~ Fasting — #1659
‘Accuracy (%) - Precision (% CV)
Analyte Standard — QC Sample Standard QC Sample
Diltiazem 97.2 - 100.6 100.2-1124 25-108 56-106
DAD 7 91.6-110.0 98.9 - 108.2 20-105 58-123
NMD 94.G- 199.2 97.4-109.5 20-59 7.0-10.3
Resuits:

All 38 subjects completed the study. There were no protocol deviation except that the post-study
electrolytes of 4 subjects were not analyzed. Forty-seven (47) adverse events were reported by 26
subjects, 27 during treatment A and 20 during treatment B, The adverse effects were sinus
bradycardia, headache, borderline 1° AV block, lightheaded, diaphoresis, pallor, weakness, and
tightness in chest.

No clinically significant abnormalities were reported during the physical examination and laboratory
tests at the completion of the study.
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The plasma samples from 38 subjects were assayed for diltiazem, DAD and NMD. Reassays
conducted due to the anomaly of the first value included 11 samples for diltiazem, 5 samples for DAD
and 9 samples for NMD. Each was repeated at least twice, and the average of the repeated results

was reported.

The mean plasma concentrations of diltiazem, DAD and NMD at each sampling point after both
treatments and the mean pharmacokinetic parameters are presented below in Figures 4-6 and Tables
. 11-13. The calculation of K was based on the most linear portion of the terminal elimination phase
in the semi-log plot of individual subject data.

Time (hour) Biovail (Treatment A) Marion Merrell Dow (Treaunent B) -||
0 0 0 ||
I 0 0
2 0 1.26 (165
3 028  (351) 568 (73)

4 599 (19D 13.07  (78)

5 3012 (92) 3707 (69) i
6 59.62 (59 59.17  (61) ||
7 7864  (39) 7435 (54 - H
8 8427 (39 8121 (46) "
10 6641  (37) 66.03  (40) "
12 | w91 6n 5155 (41) "
16 1 '3035 (@2 3128 (50) "

20 1867  (44) 1865  (46) ||
24 1404 (51) 13.06  (48) ||
28 1073 (58) 991 (6D ﬂ
36 { 401 (98 353 (110) JI
48 0.69  (304) 026 (347)

AUC,, (ng*hr/mL) 92015  (38) 92071 (44)

AUC,_, (ng*hr/mL) 986.62  (36) 983.17  (43)

C,, (ng/mL) ‘ 9127 (35) 8622 (43) i
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LNAUC,, 857.6T 848.39" ||
LNAUC, . 926.48° 909.36 #
LNC,, 86.15* 79.34° "
T, (hour) 758 (17 811 (23
T,,, (hour) 816 (40) 740 31

%

Time (hour) Biovail (Trsatment A) Marion Metrell Dow (Treatment B) H
s 0 0 I
1 0 0.06  (430)

2 0.04  (616) 003 (616)

3 0 003 (616) |
4 0.07  (430) 0.16  (358) |
5 0.65 (141 095  (176) I
6 202 (96) 227 (1o%) |
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g k64 (6) 481 (67) |
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12 598 (78 603 (4
16 537 (95) 530 (95) I
20 442 (95) 417 (103 : "
24 3191 (112) 363 (11D |
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AUC,_ (ng*hr/mL) 164.69  (106) 162.57  (106)
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LNAUC, . 125.49* 120.99*

LNC_, 5.45 5.40°
Tog (how) 1126 (32) 1137 (a9
T, (hour) i 1212 4D 1204 (5D

Time (hour) Biovail (Treatment A) Marion Merrell Dow (Treatment B)
0 0 0

F 0 0 |
2 016 (616) 0 |
3 0 036 (298)
4 105 (240) 114 (89 {
5 520 (95) 8.14  (50) |
6 10.92  (58) 12.54  (40) u
7 1574 @27 1674  (38) |
8 18.44  (24) 19.14  (28)
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12 17.46  (23) 1817 (22
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a = geometric inean

Analysis of Variance was performed on the log-transformed data of AUC,,, AUC,., and C_,
SAS GLM procedure. The model included sequence, subject within sequence, treatment and period

LNC_ 19.98* 20.68" ﬂ
T, (hour) . 961 22) 9.76 (25) |I
Tlﬂ (hour) 12.06 (29) 11.57 9

using

as factors. The sequence effect was tested using the subjects within sequence effect as the error term.
The treatment and period effect were tested against the residual mean square error.

No significant sequence, period, or treatment effects were detected for any of the parameters.

The LS means of the log-transformed pharmacokinetic parameters, ratios of these means and the 90%

confidence intervals of test product versus reference product are presented in Table 14.

t

—_— e —___ — —— — |

— -

Parameter Analyte LS Means LS Means TR 50% Confidence
(Test) (Reference) Interval

INAUC,, Diltiazemn 6.7542 6.7433 101t (0.952; 1.073)
(857.67T {848.39%

LNAUC, ., 6.8314 6.8127 1.02* (0.964; 1.07D
(926.48% (909.369 ’

LNC,.. 4.4561 4.3737 1.09* (0.974; 1.210)
(86.159 (79.34%

(5.409

LNAUC,, DAD 4.5389 4.5140 1.02* | (0.952;1.104)
(93.58 % 91.299

LNAUC, ., 4.8323 4.7957 1.04* | (0.958; 1.123)
(125.49% (120.99%

LNC_, 1.6953 1.6857 101" | (0.926;1.110)

a = Geomemic Mean

b = Ratio of Geometric Means
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LNAUC,, NMD 5.8251 5.8576 097 | (0.921;1.018)
(338.71% (349.88")
1
LNAUC, 6.0420 6.0482 099" | (0.929; 1.064)
(420.739 (423.34%
LNC,, 2.9947 3.0289 097" | (0.89; 1.043)
(19.98% (20.679




Comments:

The ANOVA conducted by the firm contained only 2 periods. However, the study was conducted
in three (3) different time periods as following:

Subject # Date of Period | Date of Period 2
#1-32 10/21-23/95 10/28-30/95
#33-38 10/28-30/95 11/4-6/95

The reviewer repeated the ANOVA on both the untransformed and log-transformed data, using 3
periods, defining the period as:

Period 1: 10/21-23/95
Period 2: 10/28-30/95
Period 3: 11/4-6/95

The results are presented in Tables 15-17.

‘n- !ﬂ) — [&n’gd- !!
L NEERAE:
Parameter LS Means LS Means R 90% Confidence
(Test) (Reference) Interval
AUC,, 946.58 947.14 1.00 (0.944: 1.055)
LNAUGC,, 6.7895 6.7786 L.o1* (0.952; 1.073)
(888.45% (378.839
AUC, ., 1017.20 1013.75 1.00 (0.948; 1.059)
LNAUC, ,, 6.8715 6.8529 1.02* (0.965; 1.076)
(964.45% (946.62%
Cou 92.91 87.86 1.06 (0.949; 1.166)
LNC,. 4.4850 4.4026 1.0%* (0.973; 1.212)
(88.66% (81.660
§ —
a = Geometnc Mean
b = Ratio of Geometric Means
Table 16: Statistical Analysis of DAD Data- Repeared Fasting Single Dose Study -
[n - :El — (Eﬁn‘gﬂ = !!
l'm wwm
Parameter LS Means LS Means TR 90% Confidence
{Test) {Reference) Interval
AUC, . 134.73 131.92 1.02 (0.964: 1.079)
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LNAUC,, 4,5984 45736 1.02* (0.955; 1.100) ]
(99.33% (96.89
AUC, . 169.81 167.69 1.01 (0.940; 1.086)
LNAUC,, = 4.8947 4.8582 1.04* (0.964; 1.116)
(133.59% (128.809
Con 6.66 6.58 1.01 (0.926; 1.097)
INC,,, 1.7154 1.7059 1.01* 0.925; 1.102)
(5.56% (5.519
a = Geometric Mean
b = Ratio of Geometmc Means

Parameter LS Means LS Means R 90% Confidence
(Test) (Reference) Intervai
AUC,, 360.00 370.73 0.97 (0.925; 1.017
LNAUC,, 5.8449 5.8774 0.97* (0.921; 1.018) H
(34547 (356.877)
AUC,., 425.19 431.66 0.98 (0.899; 1.071) ﬂ
LNAUC, 6.0321 6.0382 0.99* (0.928; 1.065)
(416.58 (419.16%
C,. 20.26 21.04 0.96 (0.887; 1.039) H
LNC,,. 2.9871 3.0213 0.97 (0.895; 1.044)
(19.83% (20.529

a = Geometri¢ Mean

b = Ratio of Geometric Means “-.

Comments:

1. The ratios of AUC,/AUC . for DAD and NMD of some subjects were below 0.8, This was
due to the nature of the extended release dosage form of the drug products.

2. The 90% confidence intervals of LNAUC
all within 80-125%,

3. The resuits of this single-dose study in fasted subjects are acceptable.

i uivalen

dy #1533-1-- 3-W i

17

D

oo LNAUGC ., and LNC__ for all 3 analytes were



The objective of this study was to compare the rate and extent of the absorption of the firm's
diltiazem HCI 120 mg extended-released capsules under fed and fasted conditions and Cardizem® SR

120 mg capsules under fed condition.

The clinical study was conducted at Biovail Corporation International in Toronto, Ontario, Canada
during 06/09-06/26/95 with ) as the princtpal investigator. The analytical study was
. conducted at Biovail Corporation International in Toronto, Ontario, Canada during 06/27-08/24/95

by analysts - . .
The design of the study was a single-dose, 3-way crossover in non-smoking male volunteers under
fed and fasted condition. The protocol was approved by Institutional Review Board of Biovail
Corporation International (chaired by - on 05/10/95.

Twenty-two (22) non-smoking male volunteers, 18-41 years old, were enrolled who had their
preclinical laboratory test data reviewed by the physician which included biochemical profile,
hematology, urinalysis and drugs of abuse screen. The inclusion and exclusion criteria were the same
as those stated in the previous study (#1532-1).

After an overnight fast of 10 hr, on the moming of 06/10/95, each subject received one of the
following treatments with 240 mL of water:

Treatment A - Test Drug:  Diltiazem HCI ER capsule, 1 x 120 mg, Biovail Corporation
International, lot #C3/95A1A21-MTC3, potency 100.6%,
manufacturing date , lot size of apsules, 5 minutes
after complete ingestion of a standard high-fat breakfast’.

Treatment B - Reference Drug: Cardizem® SR capsule, 1 x 120 mg, Marion Merrell
Dow Inc., lot #P20223, expired 12/95, potency
100.2%, 5 minutes after complete ingestion of a
standard high-fat breakfast”.

Treatment C - Test Drug:  Diltiazem HCI ER capsule, 1 x 120 mg, Biovail Corporation
International, lot #C3/95A1A21-MTC3, potency 100.6%,
manufacturing date , lot size of ipsules, under fasted
condition.

* =] fried egg, 1 slice American cheese, 1 slice Canadian bacon, 1 buttered English muffin,
1 serving of hash brown potatoes, 240 mL whole milk, and 180 mL orange juice.

With a 7-day washout period, on the momings of 06/17/95 and 06/24/95, each subject was crossed

over to one of the other treatments according to the sequence assigned randomly (ABC, BAC, BCA,
CBA, ACB or CAB). The study procedures, including blood sampling schedule, were the same as

18



in the previous study #1532-1.

The same validated analytical methods were conducted for the analysis of plasma diltiazem, DAD and
NMD of this:study. The maximal duration of plasma sampies storage was 75 days which was shorter
than the period covered by the validated long-term stability study (25 weeks).

The assay method was further validated during the analysis of the study samples when 22, 24, and
25 standard curves, each curve contained a 6-point calibration and duplicates of 4 levels of QC
samples, for diltiazem, DAD and NMD, respectively, were conducted. The correlation coefficients
of the curves were 0.9978, 0.9972 and 0.9982 or larger for diltiazem, DAD and NMD, respectively.
The accuracy and precision of these standard and QC samples are presented below in Table 18:

Table 18: During-Study Validation Data -- Single Dose. Fed and Fasted #1533-1
Accuracy (%) I Precision (% CV)
Analyte Standard QC Sample Standard | QC Sample
Diltiazem 96.7-102.1 103.0- 109.5 2.2-95 44-120
DAD 97.5-100.0 93.3 - 100.0 25-114 7.2-141
NMD 94.2-110.0 97.8-1000 1.7-85 9.9-14.7
Results:

Of the 22 subjects enrolled, subject # 20 was dismissed prior to period 1 dosing due to abnormal pre-
dose ECG. There were no protccol deviation. Seventeen (17) adverse events were reported by 9
subjects, 5 during treatment A, 7 juring treatment B and 5 during treatment C. The adverse effects
were sinus bradycardia, headaciie, and borderline 1° AV block.

No clinically significant abnormalities were reported during the physical examination and laboratory
tests at the completion of the study.

The plasma samples from 21 subjects (1071 samples) were assayed for diltiazem, DAD and NMD.
Reassays conducted due to the anomaly of the first value included 114 samples for diltiazem, 118
samples for DAD and 121 samples for NMD.

The mean plasma concentrations of diltiazem, DAD and NMD at each sampling point after all 3
treatments and the mean pharmacokinetic parameters are presented below in Figures 7-9 and Tables
19-21. The calculation of K, was based on the most linear portion of the terminal elimination phase
in the semi-log plot of individual subject data.

Table 19: Mean (C.V,%) Plasma Diltiazem Concentrations (ng/mL) at Each Sampling Time Point and
Mean Pharmacokinetic Pa-ameters (n=21- 1 x 120 mg ER Capsule - Fed and Fasted Study - Single Dose)
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T —————————
Time (hour) Biovail -~ Fed Marion Merrell Dow — Fed Biovail - Fasted
{Treatment A) (Treatment B) {Treatment O) ;.
0 0 0 0
1 - 0 0.75 329 0
2 0.15 (45%) 3.16 (146) 0.32 (458)
3 382  (268) 8.89 (65) .13 (398) H
4 7.04 (215 17.01 (62) 3.80 (269 E
5 2047  (199) 34.76 an 26.57 (8®)
6 34.27 (159 47.44 an 62.72 (54) “
7 68.78 (89 79.30 (50) 9591  (48) H
8 91.54  (60) 105.99 (45) 99.78  (48)
10 88.39 (5D 92.21 32) 78.84 (4D Il
i2 7146 (69 69.70 (35) 63.00 (45
16 4547 (65 40.49 (48) 3542 (46
20 31.63 (67 25.06 (48 2246 (46)
24 23.84 (99 15.48 {54) 1544 (5D ||
28 18.12 (9% 11.10 (56) 11.54  (52) ||
36 6.47 (124) 3.70 (113) 4.53 (84;) <ﬂ
48 1.48 (24-8) 042 (3B 0.80 (280)
AUC,, 122738 (@7 1146.03 3N 107587 (41 ‘t
{ng*hr/mL)
AUC, . 1306.13 “'(43) 1210.53 (36) 113659 (4D
(ng*hr/mL)
| Cpy (ng/mL) 126.14  (40) 11280 (37 112.42 (41) H
LNAUC,,, 1146.61" 1076.92* 995.24*
LNAUC, ., 1235.11* 1140.86 1055.08*
LNC_ 116.22* 105.26" 103.54*
| T, Choun) 1043 (47 B.86 {15) 7.76 (18)
T, (hour) 741 (37 6.89 30) 7.53 22) _"

a = geometric mean

Table 20: Mean (C.V.%) Pmmummmmmﬂmm_n_qhmmmmi

eah Pharmaco tic
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Time (hour) Biovail — Fed Marion Merrell Dow — Fed Biovail -- Fasted
{Treatment .\) (Treatment B) (Treatment O)
0 " 0 0 0
1 0 0.15  (458) 0
2 0 0.15 (318) 0.05  (458) j
3 0 0.18  (458) 0
4 0.19  (341) 0.10 (316) 0.10 (316
5 0.75 (217 072 (119) 0.40 _ (200)
6 104 (217 181 (93) 1.60  (88)
7 2.52 (13D 325 (76) 3.62  (56) ||
8 422 (100) 572 (86) 529 (6 "
10 802 (87 802 (87 681  (62) ll
12 6.68  (76) 7.97  (84) 717 (62)
16 576 (9 6.78 (96 6.20 (75
20 543 (83) 570 (88) 528  (82)
24 464  (8%) 449  (101) 424 (8D
28 375 (104) 3.82 (126 3.52  (110)
16 204 (142) 1.83  (159) 1.78 (165
43 0.62  (250) 062  (252) 0.65 (218)
AUC,, 147.56  (90) 16205  (106) 148.99  (92)
(ng*hr/mL) L
AUC, 186.90  (80) 20433 (95) 183.62 (82)
(ng*hr/mL)
| o (ng/ml) 789 (59) 889 (79 763 (63)
LNAUC,, 116.57* 114.11° 109.16*
LNAUC, ./ 155.15% 153.80° 148.18
LNC,, 6.88* 7.28¢ 6.44°
| T, (hour) 13.05 (@& 1181 (24) 776 (18 "
| T, (houn 1221 (42 1287 (59 753 (22 “
a = geometric mean
able 21: Mean (C.V.%) Plasma tratio oint and
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Time (hour) Biovail — Fed Marion Merreil D:w ~ Fed Biovail — Fasted "
(Treatment A) (Treatment B) (Treatment C)
0 0 0 0
] 0 0.15  (458) 0
2 0 043 (322 0
3 0.53  (316) 139 (134) 0.42 (325
4 170 (225) 4.14 (60) 063  (350)
5 328 (171 8.88 1) 409  (108) i
6 6.80  (140) 1212 (28) 1038  (48)
7 13.99  (8%) 1817 (38) 1737 (39
8 18.98  (63) 2352 (3% 19.97 (3D
10 22.64  (48) 2526 (30 2168 (38
12 21.46 (43 2370 (30) 2060 (37
16 1744 (38) 1753 (32) 1566 (33 ﬂ
20 1427 (36) 13.76  (34) 12.17 (35
24 1081 (35 988 (34 937  (34)
28 ' 959 (42 808 (34 766  (48)
36 4.16 (81 379 (59 365 (1)
48 077 (28D 0.70  (266) 049  (251) i
AUC,, 417.16 . (28) 43708  (30) 381.59  (34)
(ng*hr/mL)
AUC, 511.54  (25) 50361  (30) 44934 (33)
{ng*hr/mL)
| Cy (n@/mL) 27.80  (32) 2720 (28) 23.36  (36)
LNAUC,, 402.50" 418 00 357.87
LNAUC, ., 496.62* 483 .69 424.97°
LNC_,. 2641 26.22° 21.90
| T, (hour) 11.57 (4D 1048  (22) 9.19 - (19
T, (hour) 1109 (3% 10.22  (26) il 10.50 (21 Bl

a = geomelric mean
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Analysis of Variance was performed on the log-transformed data of AUC,, AUC,_,, and C__,, using
SAS GLM procedure. The model included sequence, subject within sequence, treatment and period
as factors. The sequence effect was tested using the subjects within sequence effect as the error term.

The treatment and period effect were tested against the residual mean square error.

The LS means of the log-transformed pharmacokinetic parameters and ratios of these means are
presented in Tables 22-24.

_
Parameter LS Means: LS Means:
Biovail ~ Fed MMDow - Fed
(Treatment A) (Treatnent B)
AUC,, 1215.29 1134.14
LNAUC,, 7.0405 6.9776 6.8986 1.06" 1.15*
(1141.94% (1072.38% £990.90%
AUC, . 1292.83 1198.73 1126.30 1.08 1.15
LNAUC, ., 7.1134 7.0354 6.9585 1.08° 1.17*
(1228.31 (1136.109 (1052.10%
Cou 126.40 112.31 111.17 1.12 1.14
LNC,.. 4.7602 4.6556 4.6337 L11* L.13*
(116.77 (105.189 (102.909 |
Tox 10.35 384 7.81 1.17 1.32 “
T, . 7.32 6.84 7.53 1.07 é)_gl
- o= e ——
a = Geometric Mean .
b = Ratio of Geometric Means _
Table 23: Rati t.
_Fed and Fasted Study (n=21)
— e o -
Parameter LS Means: LS Means: LS Means: Biovail - | A/B A/C
Biovail ~ Fed MMDow — Fed Fasted (Treatment
(Treatment A) (Treatment B) C)
AUC,, 142.42 157.28 144.59 0.90 0.98
LNAUC,, 4.7463 4.7280 4 6867 1.02* 1.15*
(115.16% (113.07% (108.50%
AUC, 179.50 198.14 178.62 0.91 1.00 "
LNAUC, 5.0189 5.0186 4.9763 1.00 1.04*
(151.259 (151.219 (144.93%
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Cou 1.75 8.74 7.48 0.89 1.04
LNC,_.. 1.9262 1.9802 1.8563 0.95* o7
(6.86% (7.24% (6.40%
T, 1294 11.78 11.75 1.10 1.10
T 11.76 12.60 11.83 0.93 0.99
i N
:  a = Geometric Mean
b = Ratio of Geometric Means
Fedand
Parameter LS Means: LS Means: LS Means: Biovail - | A/B A/C
Biovaii -- Fed MMDow — Fed Fasted (Treatment
(Treatment A) (Treatment B) <)
AUC,, 420.19 439.34 383.09 0.96 1.10
LNAUC,, 6.0075 6.0439 5.8871 0.96" 1.13*
(406.4T9 (421.529 {360.389
AUC, 513.53 505.55 451.23 1.02 1.14
LNAUC, ., 6.2133 6.1874 6.0584 1.03* 117
(499.34% (486.57% (427.71%
Crs 28.18 27.45 23.49 1.03 1.17
LNC,.., 3.2895 32712 3.0920 Lo1® 1.22*
(26.83% (26.509 (22.02%
Tax 11.50 10.45 9.21 1.10 1.25
T,. 10.96 10.17 10.53 1.08 0.97
a = Geometric Mean g
b = Ratio of Geometric Means
Comments:
1. The number of plasma samples selected for re-assay due to the anomaly of the first value was

larger than 10% for each analyte, i.e., out of a total of 1071 plasma samples, 114 were
repeated for diltiazem, 118 for DAD and 121 for NMD, all due to anomalies of the first assay

values.

2. The calculation of all pharmacokinetic parameters, their LS means, and the 90% confidence
intervals submitted by the sponsor have been confirmed by the reviewer's own calculation.

3. The ratios of least-square geometric means of AUC,,, AUC,, and C,,,, are all within 0.8-
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1.25 for diltiazem, DAD and NMD.

4, When comparing post-prandial to fasting administration of the test drug, the mean C,,, of
diltiazern, DAD and NMD were 1.07-1.22 times; the mean AUCs were 1.04-1.17 times; and
the mean T,,, were changed by -0.2 to +1.2 hours.

Reficiency:

The firm should provide a summary table of all samples selected for re-assay due to "inconsistence
with other analysis values". The table should include all assayed values and the rationale of selecting
the reported value.

# -2 e - -2

The objective of this study was to compare the steady state bioavailability of Biovail and Marion
Merreil Dow (Cardizem® SR) diltiazem HCI 120 mg SR capsules under fasted condition.

The clinical study was conducted at Biovail Corporation International in Toronto, Ontario, Canada
during 07/27-08/17/95 (group 1, n=25) and 08/10-31/95 (group 2, n=6) with as the
principal investigator. The analytical study was conducted at Biovail Corporation International in
Toronto, Ontario, Canada during 09/05-10/19/95 by analyst

The design of the study was a multiple-dose (1x120 mg at 7 AM and 7 PM for 6 days and at 7 AM
on the 7th day), 2-way crossover in non-smoking male volunteers under fasted condition (fasted for
10 hours before the 7 AM dose ard 2 hours before the 7 PM dose). The protocol was approved by
Institutional Review Board of Bicvail Corporation International {chaired by on 06/14/95.

Twenty-five (25) and . 6 non-smo'ing male volunteers (for group 1 and group 2 respectively), 18-43
years old, were enrolled who had their preclinical laboratory test data reviewed by the physician
which included biochemical profile, hematology, urinalysis and drugs of abuse screen. The inclusion
and exclusion criteria were the same as those stated in the previous study (#1532-1).

After an overnight fast of 10 hr, starting on the morning of 07/28/95 for group 1 and 08/11/95 for
group 2, each subject received one of the fol.owing treatments:

Treatment A - Test Drug:  Diltiazem HCI ER capsule, 1 x 120 mg, twice daily at 7 AM
and 7 PM for 6 days and once at 7 AM on the 7th day, Biovail
Corporation International, lot #C3/95A1A21-MTC3, potency
100.6%, manufacturing date , lot size of Jsules.

Treatment B - Reference Drug: Cardizem® SR capsule, 1 x 120 mg, twice daily at 7
AM and 7 PM for 6 days and once at 7 AM on the 7th
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day, Marion Merrell Dow Inc,, lot #P20223, expired
12/95, potency 100.2%. .

Each dose was taken with 240 mL of water. Blood samples (10 mL each) were collected in
Vacutainers containing EDTA at 0 hour of days 1,4, S5and 6;and at 0, 1,2,3,4,5,6,7, 8,9, 10,
11, and 12 hours of day 7, post-dose. Plasma samples were prepared, frozen, and stored at -70°C
until transferred to the analytical site and assayed for diltiazem, DAD, and NMD.

With a 7-day washout period, on the momings of 08/11/95 for group 1 and 08/24/95 for group 2,
each subject was crossed over to the other treatment.

On days 1-6 of each period, subjects were fasted daily for 10 hours prior to the 7 AM dosing, and
for 2 hours prior to the 7 PM dosing. They were fasted for 4.5 hours after every dosing. Blood
pressure, heart rate and ECG were monitored on days 1-6 at 0, 2, 4, 8, 12, and 16 hours post-
dose, and on day 7 at 0, 2, 4, 8, and hours post-dose, during each period. Physical
examination and laboratory tests were repeated at the completion of the study.

Analytical Method - Not for Release through FOL

The same validated analytical methods were conducted for the analysis of plasma diltiazem, DAD and
NMD of this study. The maximal duration of plasma samples storage was 83 days which was shorter
than the period covered by the validated long-term stability study (25 weeks).

The assay method was further validated during the analysis of the study samples when 15 standard
curves, each curve contained a 6-point calibration and duplicates of 4 levels of QC samples, for
diltiazem, DAD and NMD, respectively, were conducted. The correlation coefficients of the curves
were 0.9972, 0.9968 and 0.9956 or larger for diitiazem, DAD and NMD, respectively. The accuracy
and precision of these standard and QC samples are presented below in Table 25:

Table 25: During-Study Validation Dais — Multiple Dose. Fasted Study; #1534-2

[Accmncv (%) Precision (% CV)
= T
Analyte I Standard I QC Sample Standard QC Sample
Diltiazem
DAD
NMD
Results:

Of the 25 subjects enrolled for group 1 (subjects #1-25), 21 subjects completed the study. Subject
# 11 was dismissed prior to period 1 dosing and #2 prior to period 2 (treatment A) dosing, both due
to abnormal pre-dose ECG. Subject #14 was dismissed after period 1 (treatment B) dosing, and #23
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after period 2 (treatment B) dosing, both due to tow blood pressure.

Out of the & sibjects enrolied for group 2 (subjects #27-32), 4 subjects completed the study.
Subjects #27 was dismissed after period 1 (treatment B) dosing due to a skin rash and #28 withdrew
prior to periad 2 (treatment B) dosing for personal reason.

Therefore, a total of 25 subjects completed the study, 21 from group 1 and 4 from group 2. There
. were no significant protocol deviation.

A total of 184 cases of sinus bradycardia were reported, 85 during treatment A by 16 subjects and
99 during treatment B by 21 subjects. Three (3) cases of borderline 1° AV block were reported by
3 different subjects (all during treatment B). One case each of 1° AV block , borderline 2° AV block
type II (reported by the same subject during treatment A), nausea, sore throat, general malaise and
hives (all during treatment B) were reported. The symptom of hives reported by #27 was treated with
1x25 mg of Benadryl tablet. Subject # 27 was subsequently dismissed from the study.

No clinically significant abnormalities were reported during the physical examination and laboratory
tests at the completion of the study.

The plasma samples from 25 subjects (850 samples) were assayed for diltiazem, DAD and NMD.
Reassays conducted without explanation in 5 samples for DAD and 2 samples for NMD.

The mean plasma concentrations of diltiazem, DAD and NMD at each sampling point after both
treatments and the mean pharmacokinetic parameters are presented below in Fxgures 10-12 and
Tables 26-28. The pharmacokinetic parameters included the following:

AUC, ,, (derived using trapezoidal rule for area of time-concentration on day 7)
Cm (maximum concentration on day 7),
m (minimum concentration on day 7),
mux (time of C_,, after the last dose),
degree of ﬂuctuatlon (Flux) calculated as (Cpp-Cpif/(AUC,.15/12)

* > > >

Time Biovai] (Treatment A) Marion Merrell Dow (Treatment B) l'
Dav 1 0 0

Dav 4 85.74  (33) 98.19  (35)
Day 5 9942 (35) 98.57  (39)
Dav 6 88.19  (36) 101.32  (35)
Dav7. 0 Hour. 9137 (38) 93.92 régw
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a = geometric mean

Dav7, 1 Hour 88.67 (36) 92.10 {54)
Dav7. 2 Hour §2.50 (34) 80.95 33)
Dav7, 3 Hour 79.03 {45) 77.90 G4
Dav?, 4 Hour 8484  (43) 8685  (43) i
Dav?, 5 How 11975 (5D 114.15 (39
Day 7, 6 Hour 145.55  (38) 13470 (30)
| Dev7, 7 Hour 16739 (33) 14568 (2D
Dav7. & Hour 15734 (29 138.18  (23)
Dav7, 9 Hour 133.24  (33) 115.55 (20
Dav7, 10 Hour 104.53 (37 98.52 (25 1
Dav7. 11 Hour 89.16 (32) 89.92  (34) "
Dav 7, 12 Hour 79.74 (30) 7771 (4D "
f
AUC, ,, (ng*hrfmL) 1337.52 (30) 1260.33 (26)
| Cp, (ng/ml) 181.52 (33) 163.83 (29
LNAUC,, 1270.41* 1213.10*
LNC_, 171.10* 157.41*
| T\, (hour) 7.08  (16) 6.68  (24) |
C e (ng/ml) 6529 (3D 69.78  (30) "
Flux (%) | 10493 29 9133  (33) "

T e e I ——
Time Biovail (Treatment A) Marnion Merrell Dow (Treatment B) II
Day | 0 0 "
Day 4 1071 @3 1101 (42) |
Dav 5 1242 (51) 1123 (5D "
Dav 6 9.76 4 10.97 (52)
Dav7, 0O Hour 11.26 {49) 10.87 (48)
Dav7, | Hour 10.42 (40) 10.81 (52)
Dav7. 2 Hour 10.63 (4 10.25 (42) "
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Dav7, 3 Hour 10.33 “h 9.89 45 ll
Dav7, 4 Hour 10.10  (46) 1012 (@D '
Dav7, 5 Hour 10.53 (52 1003 (46)
Dav 7, 6-;;1011: 11.47 54) 10.55 (45
Dav 7, 7 Hour 12.86 (52) 11.72 (40)
Dav7, 8 Hour 1348 (54 12.16  (44)
Dav7. 9 Hour 13.10 (56 1162 (46)
Dav7, 10 Hour 1202 (56) 10.84  (50)
Day 7, 11 Hour 10.80  (54) 10.36  (50) H
Dav7, 12 Hour 1040  (52) 9.68 (55 H
AUC, ,; (ng*hr/mL) 136.56 (48) 128.63 (45)
| Cpy (mg/ml) 14.93 (57N 13.56 (43)
LNAUC,, 12317 118.01* '
LNC 13.17* 12.50* f
| T, (hour) 688  (36) 684 (3D
Cpen (n@/mL) 8950 (47 839  (52)
Flux (%) : 5094  (34) 15054 () . H

a = geometric mean

: e L

Time | Biovail (Treatment A) Marion Merrell Dow (Treatment B) | n]
Dav | 0 0 "
Dayv 4 32.57 (26) 35.58 (28)
Dav 5 35.42 31 35.50 (33)
Dav 6 30.95 27 36.48 3D
Dav7. 0 Hour 34.49 (26) 36.60 (31
Dav7. | Hour 33.42 (25) 35.46 (35) i
Dav7, 2 Hour 32.43 (25 33.76 (25) H
Dav?7, 3 Hour 31.37 (33) 31.99 27 ||
Dav 7. 4 Hour 30.86 (28) 33.54 (32) H
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Dev7, 5 Hour 3305  (33) 3520 @0) |
Dav7, 6 Hour 3886 (27) 4002 QD |
Day?7, 7 Hour 476 (25) 4357 (26) I
Dav7, 8 How 4464 (25 4350  (20) H
Dav7, 9 Hour 4305 @D 4109 0)
Dav7, 10 Hour 39.84 27 38.58 22)
Dav7, 11Hour 3655 (28) 3702 Q%)
Dav7, 12 Hour 3534 Q7 3427 QD
B |
AUC, ,, {ng*he/mL) 44375 (28 49.17  (24) ”
| ¢ (ng/mD) 4881 (25) 77 (26
LNAUC, ., 430.49* 437.38° I
| LN, 47.21" 46.23* |
| T, thoun) 780  (16) 712 (28)
C... (ng/mL) 12796 @n 3014 Q25) ||
Fhux (%) 57.90 494 4683 (3D H

a = geometric mean

Analysis of Variance was performed on the log-transformed data of AUC,,,, and C,, using SAS
GLM procedure. The model included sequence, subject within sequence, treatment and period as
factors. The sequence effect was tested using the subjects within sequence effect as the error term.
The treatment and period effect were tested against the residual mean square error.

Sigruficant period effects were detected for LNC,, of diltiazem, and LNAUC,,, of NMD (p=0.032
and 0.022 respectively).

The LS means of the non-transformed and log-transformed pharmacokinetic parameters, ratios of
these means and the 90% confidence intervals of test product versus reference product are presented
in Tables 29.

Analvte Parameter LS Means LS Means TR 90% Confidence
{Lesh (Refergnce)
Diltiazern LNAUC,, 7.1433 7.1000 1.04* (0.986; 1.106)
‘ {1265.65%) (1211.82"
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Diltiazem LNC,,, 5.1392 5.0607 1.08* | (0.987; 1.186)
(170.58Y (157.71%
DAD LNAUC,, 4.8099 4.76%0 1.04* | (1.002; 1.083)
(122.73% (117.819
DAD LNC.,, 2.5739 2.5253 1.04* | (0.977; 1.128)
i (13.129 (12.499
NMD LNAUC,, 6.0630 6.0810 0.98 | (0.947;1.019)
(429.699 (437489
NMD LNC,., 3.8522 3.8346 102" | (0.940; 1.102)
(47.109 (46.23
-

a = Geometric Mean
b = Ratio of Geometric Means

Comments:

The ANOVA conducted by the firm contained only 2 periods. However, the study was conducted
in three (3) different time periods as following:

#1-25 07/28-08/04/95 08/11-17/95
#27-32 08/11-17/95 08/24-31/95

The reviewer repéated the ANOVA on both untransformed and log-transformed data, using 3
periods, defining the period as

Period 1: 07/28-0804,95
Period 2: 08/11-17/93
Period 3: 08/24-31/95

The results are presented in Table 30.

Table 30: Statistical Anatysis of Diltiazem, DAD and NMD Data
=Multiple Dose Study - (0=25) ~ Pericd=3
T . L — L

Analyte Parameter LS Means LS Means TR 90% Confidence
Llest) (B eferenos) Int

Diltiazem AUC,, 1273.60 1198.26 1.06 (1.001; 1.12%5)

Diltiazem Con 166.87 149.54 1.12 (1.017;1.214)

Diltiazern LNAUC,, 7.0855 7.0409 1 108t (0.991; 1.104)
(1194.58" (1142.47T
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Diltiazem LNC_, '5.0328 4.9522 1.08" (0.998; 1.177)
(153.37% (141.49%

DAD AUC,, 130.88 123.02 1.06 (1.027; 1.101)

DAD e 13.48 12.10 LIl (1.006; 1.222)

(117.069 (112.25%

DAD INC.. 2.4855 2.4349 .1.08* (0.990; 1.118)
(12,019 (11.41%

NMD AUC,, 430.07 436.17 0.99 (0.946; 1.026)

NMD Coux 45.69 44.66 1.02 (0.93%; 1.106)

NMD LNAUC,, 6.0240 6.0413 0.98* (0.946; 1.098)
(413.249 (420.449

NMD LNC_., 3.7763 3.7572 1.02* (0.946; 1.098)
(43.657 (42.839
—— ——— - —

a = Geometric Mean
b = Ratio of Geometric Means

DAD LNAUC,, 4.7627 4,7207 1.o4* (1.009; 1.078) I

Comments:

1. The 90% confidence intervals of LNAUC,, LNAUC,, . and LNC,,, for all 3 analytes were
all within 80-125%..

2. The results of this multiple dose study are acceptable.

The objective of this study was to determine the rate and extent of absorption of 3 sustained-release
diltiazem 120 mg capsules formulations relative to diltiazem HCl oral solution in healthy volunteers
under fasting condition. The resuits of this study was used as the justification of the firm's proposed
in vitro dissolution specification.

The 4 formulations used were:

1) Formulation A: fast-releasing fraction, lot #C3/95A1A21-FTC

2) Formulation B: medium-releasing fraction, #C3/95A1A21-MTC3 (same lot used in all 4 previous
bioequivalence studies

3) Formulation C: slow-releasing fraction, lot #C3/95A1A21-STC

4) Formulation D: diltiazem HCl solution, 120 mg/50 mL, lot #01000295
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The clinical study was conducted at Biovail Corporation International in Toronto, Ontario, Canada
during 09/06-09/30/95 with as the principal investigator. The analytical study was
conducted at Biovail Corporation International in Toronto, Ontario, Canada during 10/06-11/22/95

by analyst -

The design of the study was a single-dose, 4-way crossover in non-smoking maie volunteers under
- fasted condition. The protocol was approved by Institutional Review Board of Biovail Corporation
International (chaired by _on 08/31/95.

Sixteen (16) non-smoking male volunteers, 19-44 years old, were enrolled who had their preclinical
laboratory test data reviewed by the physician which included biochemical profile, hematology,
urinalysis and drugs of abuse screen. The inclusion 4nd exclusion criteria were the same as those
stated in the previous study (#1532-1). Plasma samples from subjects #1-12 were analyzed.

Since the results of this study won't have any impact on the bioequivalence of the test and reference
drugs, details of the study, i.e. adverse reactions, assay details, etc., were not reviewed. The mean
plasma concentration of the 3 analytes are presented in Figures 13-15. The mean pharmacokinetic
parameters of all 3 analytes are summarized below in Tabie 31:

D (Solution)

Pharmacokinetic Formulation

Parameter

Analyte

AUC, 910.70 855.63 778.37 950.67 H
Cou 110.98 103.24 72.84 225.08 "
T, (b 6.58 7.75 9.50 0.76 ||
T, (hn) 5.37 5.79 6.36 4.36

AUC,, DAD 64.49 65.53 61.38 55.99

AUC, 90.60 86.92 93.43 71.66 ||
Coue 4.80 4.93 4.24 5.12 "

392.65

420.81 “

3.7

4739 |
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[[ T (br) 8.25 8.17 11.50 0.85 H

“ T, 9.23 9.92 10.58 8.81 H
B T T Ty T S

ANOVA was performed on the log-transformed data of AUC and C,,,, parameters. The 90%
confidence intervals and the ratios of LS means of these log-transformed parameters of diltiazem for
treatments A versus B and treatment C versus B (treatment B was the medium-releasing fraction,
which is the sarne lot used in all 4 previous bicequivalence studies) are presented below in Tabie 32:

" Table 32: Statistical Analysis of Diltiazem Data I

Parameter AwB Cvs. B H

Ratio of LS Means LNAUC,, 1.04% 0.8857 ||
LNAUC, o 1.043 0.9241 "

LNC,_. 1.066 0.7332 ||

90% Conf. Interval LNAUC,, 0.925-1.190 0.781-1.005 Il
LNAUC, . 0.927-1.174 0.821-1.040 "

=.—.=E£E=E - 0.838-1.355 0.577-0.932 "

Comment:

Assessing bioequivalence with the standard 90% confidence interval of 80-125%, neither the fasting-
releasing capsule (treatment A) nor the slow-releasing capsule (treatment C) is bioequivalent to the
medium-releasing capsule (trea:ment B).

Dissolution Testins:

Two dissolution runs of & capsules each were performed on the test and reference drug, 120 mg, 90
mg and 60 mg. The resuits are presented below in Table 33. The tentative specification included
in this table was derived from the dissolution data generated during the initial development
of the formulation.

Table 33 - In Vitre Dissolution Testirg

Drug (Generic Name): Diltizzem HCI

Dosage Form: Extended Release Capsule
Dose Strength: 60, 90 and 120 mg

ANDA No.: 74-845

Firm: Biovail Corporation Intemational

Subrmussion Date:  1/31/96

e L e ————]
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Conditions for Dissolution Testing:

USP X1 Apparatus: III (Bio-Diss) DFPFM: 20
No. Units Tested: 6+6
Medium: _ Phosphate buffer -pH 1.5 at 0-1 hour Volume: 250 mL
pH 4.5 at 1-2 hour
pH 6.9 at 2-6 hour
pH 7.2 at 6-12 hour
Tolcrance: TToTmeEss e
Reference Dfug: CAIQLICTI Of\ VGIPDLUIG (AVAGLAVAL 4740 s wad durvs o 7
Assay Methodology:
1. Resuits of In Vitro Dissolution Testing: 'I
Sampling Test Product Reference Product
Times Lot # C3/95 A1A21IMTC3 : Lot# P20223
(Hours) Strength (mg): 120 Strength (mg): 120
Mean % dissolved Range (%0) RSD | Mean % dissolved Range (%) RSD
{first 6 capsules) %) (first 6 capsuies) %)
1 1.05 13.13 5.13 — -
2 1.20 14.91 11.37 - -
4 19.85 3 6.51 | 32.42 H
_ 6 70,60 2.78 65.53 H
8 100.40 1.91 92.15 H
12 104.20 . 1.90 109.33
Mean % dissolved RSD | Mean % dissolved | Range (%) RSD
(second 6 capsules) (Vo) (second 6 capsules) %)
1 0.96 1.04 | 4385 i
2 1.03 9.99 10.78 H
4 22,76 7.05 32.3 II
6 73.23 2.01 65.97 I
8 100.28 1.62 92.17 “
12 103.43 1.62 109 I
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Sampling Test Product Reference Product
Times Lot # 95D006
{Hours) Strength (mg): 90 Strength (ng): 90
Mean % dissolved Range (%) RSD | Meaa % dissolved Range (%) RSD
ffirst 6 capsules) %) | Lot# P10279 %)
1 1.27 19.76 5 - - II
2 1.38 20.15 11 - - l
4 23.17 6.96 33 H
6 77.20 383 | 69 H
8 102.72 4.06 96 p
12 105.52 4.09 112
Mean % dissolved RSD | Mean % dissolved Range (%) RSD
(second 6 capsules) {%) Lot #P10277 (%)
1 1.20 2041 5
2 1.30 18.84 11
4 23.03 6.36 35 “
6 77.88 359 | 74 “
8 104.32 3.31 59 u
12 107.35 3.39 115 ||
Sampling |  Test Product Reference Product
Times Lot # 95D005
{Hours) Strength (mg): 60 Strength (mg): 60
Mean % djssoh:ed RSD | Mean % dissolved Range (%) RSD
(first 6 capsulesy %) | Lot#E01379 )
1 1.32 13.06 5 - -
2 1.47 11.13 | 1o - - f
4 42.50 668 | 30 ||
6 94 .00 2.47 68 "
8 105.87 248 95
12 106.93 2.53 i1
Mean % dissolved RSD | Mean % dissolved | Range RSD
(second 6 capsules) %) Lot #4E01426 %)
1 1.33 23.08 5 J'
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2 1.50
4 40.48
6 92.80
: 105.67
12 106.70
: | ____Jm-

21.91 10

8.16 32
4.06 71
4.74 96
472 | 112

The mean dissolution data of the 3 formulations of capsules (fast, medium, and slow release) in study
of #1602 were fitted to the Sigmoid E_,. model using WinNonlin version 1.0:

D, =

D * T/ (T + Tyy")

i

where D; = % diltiazem dissolved in time T
D = maximum % of label claim dissolved
T, = time at which 50% of D,,, is dissolved
y = power function

The dissolution data set of each formulation fitted into the above model had a correlation coefficient
of 0.99 or greater. The mean T,, were found to be 4.366, 5.20, and 5.516 hours for formulation A,
B, and C, respectively.

Predicted values obtained from the above equation and the actual dissolution result are compared in
Table 34:

— o~ _
Table 34: Mean Dissolution Data a1d Predicted Dissolution Values
2 3 DT - R
Time o Percent Dissolved
(hr)
Fast-Releasing Batch Medium-Releasing Batch Slow-Releasing Batch
(Bio-Batch)
Observed Predicted Observed Predicted Observed Predicted t
1 1 (1.2-1.5 0177 1 0 1{0.9-1.1) 0
2 3 (2432 3145 H 0.545 1(0.9-1.1) 0.15
4 43 (35-45) f 42.5 21 20.3 13 (12-14) 1.9 L
6 82 (77-84) 835 72 733 66 (63-69) 67.3
8 100 (96-103) 97.5 100 97.5 100 (97-104) 97.5
12 102 (97-105) 103 104 106 104 (101-109 106
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Dissolution Apparatus: USP III (Bio-Diss)
Medium: Phosphate Buffer (sequential pHs: 1.5, 4.5,6.9,7.2)
DPM: 20

The tentative. in vitro dissolution specification in Table 33 was challenged with the in vivo data
generated in the pilot 4-way single-dose study (#1602) presented previously.

. Linear regression analysis were performed between Ty, and each of the mean pharmacokinetic
parameters of the 3 formulations. Linear correlation was found for AUC,, and for MRT and to a less

degree for C_,, (see Figures 16-18).

Based on these linear correlations, the pharmacokinetic parameters were estimated for the tentative
lower and upper dissolution limits of:

The pharmacokinetic parameter range calculated basea on tnese umits, expressed as % of target value
(from in vivo study), were:

AUC,, : 982-1109 %
MRT : 102.4- 882 % (MRT is inversely related to the rate of dissolution)
Cox © 960-1202 %

The firm concluded that these limits could be further lowered without compromising bioavaitability
since they are well within 80-120% (except C,,.). The firm proposes to lower the dissolution
specification at 4 hours and 6 hours, each by 5%. The pharmacokinetic range calculated based on
these new limits, expressed as % of target value (from in vivo study), were:

AUC,, : 936-1109 %
MRT : 107.0 - 882 %  (MRT is inversely related to the rate of dissolution)
C.. = $883-1202 %

The final proposed dissolution specification is:
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For QC purposes, the following sampling time-points and specification are proposed.

. Comments:
L. The tentative or the proposed dissolution specification is not appropriate due to the following
reasons:
a.

b. The results of the pilot 4-way single-dose study (#1602) indicated that neither the
slow-releasing nor the fast-releasing batch is bioequivalent to the biobatch (medium-
releasing batch), and yet the proposed specifications covered the dissolution results
from all 3 batches. This is inconsistent with the principle of in vitro-in vivo
correlation.

c. Comparison between the observed dissolution results and the proposed specification
at each time point shows that the proposed range is much wider than the actual data
observed, as demonstrated below in Table 35.

— e — 1

Table 35: Companison of Actual Dissolution Data and the Proposed Specification

Time point (hour) Lo Actua] Result Proposed Specification

1

2

4

: ||
: |

2. The firm chose to use gradient pH of dissolution media and USP 3 dissolution apparatus with
the speed of 20 DPM. Since the proposed dissolution specificdtions were not fully supported
by the observed data, the firm should either revise the specifications or submit additional data
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for review. The firm should also consider other dissolution testing methods, such as those
described in the Guidance for Oral Extended Release Dosage Forms.

3. For the dissolution method and specification for diltiazem HCl extended-release capsules, the
firm is.also advised to refer to USP 23, Supplement 3 , p.2919-2920.

4. The dissolution rates for the 60 mg strength product were faster than those for the 90 mg and
120 mg strengths and were similar to those observed for the fast-releasing formulation of the
120 mg strength,. The firm should provide explanation for such observation.

5. The dissolution tests were conducted in 2 batches of 6 capsules each. The dissolution test
should be conducted in 12 capsules of the test product versus 12 capsules of the reference
product. The percent of label claim dissolved at each specified testing interval should be
reported for each individval capsule. The mean percent dissolved, the range (highest, lowest)
of dissolution, and the coefficient of variation (relative standard deviation) should be reported.

6. The batch numbers were not reported for the test products used in the dissolution test
presented in Table 3 of the report for project Dil-B12.

The composition of diltiazem HCl extended-release capsules, 60 mg, 90 mg, and 120 mg,
manufactured by the Biovail Corporate International, are presented below in Table 36:

k] D R
Table 36: Compeosition of Diltiazem HC! Extended-Release Capsuies,
i 60 mg, 90 mg, and 120 mg, by Biovail

60 mg 90 mg
'Capsule

Components o I mg/Cap "

—_ - | e s 1l
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The 60, 90, and 120 mg capsules were manufactured using the same batch of extended-release beads.
The only difference in these capsules is the difference in capsule filled weights.

The firm is requesting waivers of bioequivalence studies for the 60 mg and 90 mg capsules.

Deficiencies:

L.

For the fed and fasted study, #1533-1, the firm should provide a summary table of ali samples
selected for re-assay due to "inconsistence with other analysis values". The table should
include all assayed values and the rationale of selecting the reported value.

The dissolution tests conducted by the firm were incomplete. Comments #1-6 in the
dissolution testing section should be forwarded to the firm.

The single-dose, fasted bioequivalence study, and multiple-dose fasted bicequivalence study,
conducted by Biovail Corporation International on its Diltiazem Hydrochloride Extended
Release 120 mg capsule, lot #C3/95A1A21-MTC3, comparing it to Cardizem® SR 120 mg
capsule, lot #P20223, have been found acceptable by the Division of Bioequivalence.

The single-dose, fed and fasted bioequivalence study, conducted by Biovail Corporation
International on its Diltiazem Hydrochloride Extended Release 120 mg capsule, lot
#C3/95A1A21-MTC3, comparing it to Cardizem® SR 120 mg capsule, lot #P20223, have
been found incomplete by the Division of Bioequivalence due to deficiency #1.

The dissolution testings conducted by Biovail Corporation International on its Diltiazem
Hydrochloride Extended Release 60 mg, 90 mg and 120 mg capsules have been found
incomplete due to deficiency #2.

The waiver request for the 60 mg and 90 mg strengths of the test drugs can not be granted

pending the acceptance of the bioequivalence study of the 120 mg strength and the dissolution
tests.
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The firm should be informed of the Deficiencies and Recommendations.

| Lm-%;l -Chuang | /S.‘/ 7\9'/ 7/4/77

Division of Bioequivalence

Review Branch I
/n
. RD INITIALED YHUANG v - N /7 /s
FT INITIALED YHUANG _ | _ — 7]
Concur - Date: ’;" val , 91
Rabindra Paﬁﬂ& D. e
Acting Director? Division of Bioequivalence
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